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ABSTRACT
Typical hospital setups comprise units such as clinics, inpatient wards, outpatient services, casualty
services, operating theatres, laboratories, medical schools (for university hospitals) and out-reach
medical camps. Healthcare professionals are required to support these different units hence the need to
be constantly mobile in undertaking their duties. These duties require that they frequently consult
colleagues, receive handover from previous duty staff or share information on previous work
undertaken. Successful use and adoption of handheld devices such as PC tablets, PDAs and
smartphones integrated to health information systems can minimize the physical mobility.
Information sharing using M-health solutions in complex and diverse healthcare settings draw focus
beyond the spatiality gains to the coordination of the teams, processes and shared artifacts in
healthcare. CSCW research abounds with various concepts that can be useful in characterizing
mobility and communication amongst collaborating health workers. Design for mobile health
solutions, therefore, provides an opportunity to further ground theoretical frameworks from exemplary
studies on health information systems.
The overall objective of the study is to propose design suggestions that target successful information
sharing in the deployment and use of M-health solutions. To achieve this objective, the thesis
investigates and analyses factors influencing the use and adoption of M-health solutions.
A qualitative literature review is used in the study to explore significant factors in the acceptance and
use of health information systems. A questionnaire developed from these key factors is used to
determine the perceptions of healthcare professionals on M-health solutions based on related literature
and on a field study. Finally, the findings are discussed using concepts from CSCW literature namely,
mobility, common information spaces, temporality and cognitive and coordinative artefacts.
As a result, a conceptual model integrating constructs from the Technology acceptance model (TAM)
and IS Success model was developed that can be useful in investigating perceptions in the use of Mhealth solutions. Design suggestions were proposed for the development of future M-health solutions
that aim to achieve successful information sharing amongst healthcare professionals .

Keywords: mobile health, CSCW, healthcare
professionals, acceptance models, collaboration and
design.

CONTENTS
1

INTRODUCTION ....................................................................................................................... 1
1.1
1.2

2

BACKGROUND OF MOBILE HEALTH (M-HEALTH) .................................................................. 1
THESIS STRUCTURE ............................................................................................................... 3

PROBLEM DEFINITION .......................................................................................................... 5
2.1
PROBLEM STATEMENT ........................................................................................................... 5
2.1.1 Complex medical settings ................................................................................................ 5
2.1.2 CSCW Interest in healthcare ........................................................................................... 5
2.1.3 Implementation and acceptance of new technology ....................................................... 6
2.2
RELATED WORK ..................................................................................................................... 6
2.2.1 CSCW research in healthcare ......................................................................................... 6
2.2.2 Related work in TAM, D&M and related models ........................................................... 7
2.3
AIMS AND OBJECTIVES ........................................................................................................... 9
2.4
RESEARCH QUESTIONS/HYPOTHESIS ...................................................................................... 9
2.5
EXPECTED OUTCOMES.......................................................................................................... 10

3

RESEARCH METHODOLOGY ............................................................................................. 11
3.1
RESEARCH DESIGN ............................................................................................................... 11
3.2
OVERVIEW OF THE LITERATURE REVIEW.............................................................................. 11
3.3
SEARCH STRATEGY .............................................................................................................. 13
3.4
SELECTION CRITERIA ........................................................................................................... 13
3.4.1 Inclusion criteria ............................................................................................................ 13
3.4.2 Exclusion criteria ........................................................................................................... 14
3.5
KEYWORDS, SEARCH STRINGS AND DATABASES ................................................................. 14
3.6
SELECTED STUDIES .............................................................................................................. 16
3.6.1 Studies on RQ1............................................................................................................... 17
3.6.2 Studies on RQ2............................................................................................................... 17
3.6.3 Studies on RQ3............................................................................................................... 17
3.7
QUESTIONNAIRE DESIGN ...................................................................................................... 18
3.8
FIELD STUDY SETTING .......................................................................................................... 19
3.8.1 Motivation ...................................................................................................................... 19
3.8.2 Nakuru eye project ......................................................................................................... 19
3.9
SAMPLE AND DATA COLLECTION.......................................................................................... 20

4

THEORETICAL WORK .......................................................................................................... 21
4.1
4.2

5

CSCW CONCEPTS ................................................................................................................ 21
USER PERCEPTION MODELS .................................................................................................. 22

FINDINGS .................................................................................................................................. 25
5.1
SYSTEM QUALITY ................................................................................................................. 25
5.1.1 The M-health solution is easy to use ............................................................................. 25
5.1.2 The M-health solution is easy to learn .......................................................................... 25
5.1.3 I find it easy to get the M-health solution to do what I want it to do ............................ 25
5.1.4 The M-health solution is able integrate data from different sources ........................... 26
5.1.5 The M-health solution provides adequate functions for doing the related job function.
26
5.1.6 Interface layout, navigation and color coding screen contribute to the successful
usability of the M-health solution............................................................................................... 26
5.1.7 The M-health solution integrates easily to the existing IS systems used in the
organization (compatibility) ........................................................................................................ 27
5.1.8 Adequate level of coverage is important for the successful deployment of M-health
solution. ....................................................................................................................................... 27
5.2
INTENTION TO USE ............................................................................................................... 27
5.2.1 I intend to continue using the M-health solution ......................................................... 27

5.2.2 The M-health solution has received sufficient resources (people, money) to facilitate
its success .................................................................................................................................... 28
5.2.3 Without the support of one or two key individuals M-health solution would not likely
survive 28
5.2.4 I am willing to use M-health solution ........................................................................... 28
5.3
USER SATISFACTION ............................................................................................................ 28
5.3.1 M-health solution is effective ........................................................................................ 29
5.3.2 M-health solution is efficient ......................................................................................... 29
5.3.3 M-health solution provides correct information ........................................................... 29
5.3.4 The M-health solution supports high levels of mobility by health workers enabling
working from different locations ................................................................................................ 29
5.3.5 The information covered in M-health solution meets my needs................................... 30
5.4
USE ...................................................................................................................................... 30
5.4.1 I frequently use M-health solution in my day to day tasks ........................................... 30
5.4.2 Since its inception the number of people using the M-health solution has consistently
increased ...................................................................................................................................... 30
5.4.3 Since its inception the number of tasks handled using M-health solution have
consistently increased ................................................................................................................. 30
5.5
PERCEIVED USEFULNESS ...................................................................................................... 30
5.5.1 Overall I find M-health solution very useful ................................................................ 30
5.5.2 M-health solutions improves quality of decision making ............................................. 31
5.5.3 The M-health solution gives me greater control ........................................................... 31
5.6
SUMMARY OF FINDINGS ....................................................................................................... 31
5.6.1 Devices............................................................................................................................ 31
5.6.2 Work context .................................................................................................................. 31
5.6.3 Technologies at the point of care .................................................................................. 31
6

DISCUSSION ............................................................................................................................. 42
6.1
FRAMEWORK ....................................................................................................................... 42
6.2
MOBILITY WORK .................................................................................................................. 42
6.2.1 Resources ....................................................................................................................... 43
6.2.2 Knowledge ...................................................................................................................... 43
6.2.3 Persons ........................................................................................................................... 43
6.2.4 Places.............................................................................................................................. 44
6.2.5 Challenges and possible solutions ................................................................................. 44
6.3
COMMON INFORMATION SPACE............................................................................................ 45
6.3.1 Information and representation .................................................................................... 45
6.3.2 Prospective and retrospective information .................................................................... 45
6.3.3 Challenges and possible solutions ................................................................................. 45
6.4
TEMPORALITY...................................................................................................................... 46
6.4.1 Temporal rhythms .......................................................................................................... 46
6.4.2 Temporal trajectories ..................................................................................................... 47
6.4.3 Temporal horizons ......................................................................................................... 47
6.4.4 Challenges and possible solutions ................................................................................. 47
6.5
COGNITIVE AND COORDINATIVE ARTEFACTS ....................................................................... 48
6.5.1 Challenges and possible solutions ................................................................................. 48
6.6
USE CASE – M-HEALTH SOLUTION FOR EYE TESTS ............................................................... 49

7

CONCLUSION .......................................................................................................................... 50
7.1
SUMMARY OF THESIS CONTRIBUTION ................................................................................... 50
7.1.1 Design ............................................................................................................................. 50
7.1.2 Theoretical contributions ............................................................................................... 51
7.2
FURTHER RESEARCH ............................................................................................................ 51
7.2.1 Limitations of the study ................................................................................................. 51
7.2.2 Further research on the design suggestions ................................................................. 52
7.3
FINAL COMMENTS ............................................................................................................... 52

8

REFERENCES........................................................................................................................... 53

9

APPENDIX ................................................................................................................................. 57

9.1
APPENDIX 1 ......................................................................................................................... 57
9.1.1 System quality (Lehmann, et al., 2008; Chatterjee, et al., 2009) ................................... 57
9.1.2 Intention to Use (Dagger, et al., 2007; Pai and Huang, 2011; Halawi, et al., 2007) .... 57
9.1.3 Service quality (Halawi, et al., 2007; Pai and Huang, 2011; Chatterjee, et al., 2009) . 57
9.1.4 User satisfaction (Halawi, et. al., 2007; Pai and Huang, 2011; Chatterjee et al., 2009)
58
9.1.5 Perceived Usefulness (Pai and Huang, 2011; Devaraj et al., 2002) ............................. 58
9.1.6 Use (Chatterjee, et al., 2009; Halawi, et al., 2007) ........................................................ 58

1

INTRODUCTION

1.1

Background of Mobile Health (M-health)
Wireless mobile communications have evolved from the analog signaling based on
circuit switches designed for voice in the 1st generation (1G) to low band digital data
signaling in the 2nd generation (2G). 2G features support for supplementary services
such as fax and short message services (rates of 9.6Kbps). 2G+ features packet based
technology with rates of 115Kbps to 384Kbps such as general packet radio service
(GPRS) introduced in 1999 and Enhanced Data Rates for Global Evolution (EDGE)
introduced in 2000 (Daponte, et al., 2013). Third generation (3G), a convergence of
2G technologies consists of radio access network (RAN) and packet switched core
network domain. RAN network elements include Node B and Radio Network
controllers (RNC) providing radio resource management, handover control and
support for connections to circuit or packet switched domains. 3G supports
multimedia management alongside voice, data and video terminals with data rates of
up to 2Mbp/s. Other advances in mobile network technologies include wireless local
area network (WLAN) and wireless personal area network (WPAN). WLAN allows
access to speeds of up to 56Mbp/s within a relatively short range of a WLAN antenna.
Relevant WPAN technologies for M-health systems include Bluetooth and ZigBee.
Bluetooth enables electronic devices to communicate in the 2.5GHz ISM (license free)
frequency band within ranges of 10 - 100 meters. Beyond the 3G technologies is the
fourth generation (4G) technology. Worldwide Interoperability for Microwave Access
(WiMax) and long-term evolution (LTE) are considered as the candidate technologies
for 4G. International Telecommunication (ITU) has set a requirement for 4G services
at 100Mbps for high mobility communications and 1 Gbps for low mobility
communications (http://www.itu.int/en). Figure 1 on page 2 captures some of the
mobile phones developed with the evolution of the mobile technology alongside their
capabilities.
M-health involves ‘using of wireless technologies such as Bluetooth, Global
System for Mobile Communications (GSM)/GPRS/3G, Wireless Fidelity (Wi-Fi),
WiMax to transmit and enable various electronic health (E-health) data and services’
(Iluyemi and Briggs, 2010). E-health in this context is defined as ‘a cost-effective and
secure use of ICT in support of health delivery and related fields. These fields include
diagnostics and treatment; data collection and disease surveillance; health promotion
and disease prevention; health information system and point of care support;
emergency medical response; education knowledge and research e.g. capacity building
and consultation amongst health workers (WHOb, 2004; Mechael, et al., 2010).
According to the World Health Organization (WHO) telemedicine, telehealth and teleeducation are all part of E-health. Whitten and Sypher (2006) describe telemedicine as
the use of telecommunication technologies to provide health services (telepsychiatry,
teleradiology, teleophthalmology, telenursing, telehomecare and telehospice) over
some distance with a history of over five decades. They present three evolutionary
stages of telemedicine as synchronous versus asynchronous modalities (between the
1950s and 1990s); data transfer and storage; and automated decision making and
robotics. The first generation included real-time videoconferencing versus
asynchronous store-and-forward modalities. However it is noted that rapid growth was
only witnessed when digitized and compressed video, audio, and imagery information
over narrow and inexpensive bandwidth became available in the 90s.This corresponds
to the period when the first GSM network (2G) was released (refer to Figure 1 on page
1

2). The second generation focused decision making on the use of communication
technologies for real-time patient data transfers and remote access. The greatest
attention here was on the transmission of patient data on video/audio simultaneously
which eventually advanced to include storage of the data through integration to
electronic medical records (EMR). In the third generation telemedicine focused on
technological developments that enabled automated and even robotic assistance in
healthcare delivery. The decision support systems residing in expert systems were
capable of linking knowledge-based content to specific health applications. An
example is a home monitoring system capable of responding to alerts from the patients
by initiating appropriate action for the home caregivers to give assistance to the
patient. Artificial neural networks in which a large number of highly interconnected
processing elements (neurons) work in unison were some of the latest considerations
for telemedicine research in home monitoring of patients. Others included advanced
telerobotics in telepresence surgery e.g. for transoceanic human operations. Advancing
from telemedicine to M-health unveils the latest series of smartphones with support for
advanced sensor technologies. These can be used with a wide range of measurement
applications to measure different physical quantities (Daponte, et al., 2013). To
support all categories of users, the measurement systems are designed to be userfriendly. Wireless interfaces such as Wi-Fi and near field communication (NFC)
enable communication with remote nodes from the embedded sensors.

Figure 1: The evolution of mobile phones and mobile network standards (Daponte, et al.,
2013, pp. 3)
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With rapid advancement in telecommunications technology particularly mobile
networks, M-health has a greater potential of serving the over 5billion users of mobile
phones or terminals. In developing countries the majority of these users are remote
populations. According to the ITU report ‘World Telecommunication/ICT Indicators
Database 2013’, there was an estimated 6.8 billion mobile cellular subscriptions
worldwide with access to mobile networks available to 96% of the world population.
In the same report, the developing world was increasing its share of mobile
subscriptions from 53% in 2005 to 89% (per 100 inhabitants) at the end of 2013.In
Africa, the mobile cellular penetration rates were estimated to be 63% while the
penetration rates for the internet user was only 16% by the end of 2013. In Kenya
according to the local regulator Communications Commission of Kenya (CCK)
website (http://www.cck.go.ke/resc/statcs.html), mobile subscriptions were at an alltime high of 31.3 million (for a population of approximately 40 million) in the period
between July and September 2013. This was a growth of 2.5% from the previous
quarter. Mobile services teledensity was at 76.9% (per 100 inhabitants). 37% of the
subscribers had mobile data/internet subscriptions with 4.47% of mobile subscribers
using broadband services. These indicators capture the potential in the use of the
mobile networks or services to disseminate information on health matters. With recent
advancement in technology, wireless networked digital devices such as portable
computers, smartphones, tablet PCs and iPads are considered as good surrogates for
measuring mobile ICT use.
Extensive literature indicates that M-health has significant potential in
transforming the delivery of healthcare and well-being in both developed and
developing countries. However whether this potential is being realized fully is still a
concern. There are increasingly a lot of studies in the area of M-health. However a
review of the same indicates that further research is required in areas such as
comparison studies (applications/technologies) on the effectiveness of M-health; crosscountry studies; studies showing role of integrated technologies; replica studies with
adequate sample; rapid staged evaluations to assess early effects and long-term
evaluation of health outcomes (Mechael, et al., 2010). Long-term impacts of M-health
on the population require long-term longitudinal studies which cannot be addressed by
small scale and scope implementations or studies with limited reach. There is also a
lack of integration of M-health applications to existing health infrastructure (Mechael,
et al., 2010). Addressing research gaps on the effectiveness of M-health
applications/technologies or early effects can, however, be addressed by small studies
such as this one. Health workers involved in using M-health applications are a
potential group when addressing research questions related to usability and quality
such as improved ability to diagnose, treat and track diseases. As primary users of Mhealth applications, it is important to capture their perception of the technology.

1.2

Thesis Structure
The introduction provides the audience with a summary background on the
evolution of mobile technology. Significant improvements over the last couple of
decades and the growth in the mobile subscription base are captured. It also highlights
the corresponding developments in health delivery through the different stages of
telemedicine. The problem statement in problems definition chapter narrows the focus
of this study on complex medical settings and key factors influencing users’ perception
and acceptance of new technology. From a broader picture, there were other issues
such as the failure of IT to make an impact on organizations despite huge investments
leading to user-centered design approaches. Related work section provides a glimpse
of different aspects of complex medical settings that have been of interest to CSCW
3

research and significant success factors in the user acceptance of new technology. The
rest of the problem definition chapter delimits the study in terms of the objectives,
research questions and expected outcomes. The methodology in chapter three focuses
on the three research questions. It presents the design approach for the literature
review which was applied in developing the questionnaire instruments and supports
qualitative analysis of the findings. The descriptions on how to design the
questionnaire, field study setting and the approach for data collection from the field
study are also part of the research methodology. In an attempt to design for better
information sharing amongst healthcare workers using mobile technologies, the study
uses conceptual frameworks from CSCW and technology acceptance models which
are discussed in detail in chapter four. The selected concepts are useful tools in
reviewing workplace settings and users perceptions which influence acceptance of new
technology going by the literature review covered in theoretical works. In chapter five
and six, the study discusses the findings from the field study and literature review
using key constructs of technology acceptance amongst health workers and selected
CSCW concepts to highlight design input for future M-health solutions. Chapter seven
summarizes the thesis contribution offering opportunities for further research work.
The appendix chapter details the questionnaire used in the field study.
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2

PROBLEM DEFINITION

2.1

Problem statement
The problem statement is introduced along three dimensions namely the complex
settings that characterize medical work, the research areas whose concepts are
employed to construct design input for these settings and the role of key stakeholders
in the design process and outcome.

2.1.1

Complex medical settings

Medical settings are characterized as being with spatially distributed team
members who temporarily belong to multiple medical teams. For instance in
developing countries, the small number of healthcare professionals versus huge
populations requiring their services implies they are simultaneously engaged by
multiple medical institutions. Similarly in developed countries, emergencies or
complex care procedures necessitate temporal collaboration amongst medical teams in
handling safety critical tasks. In such emergency settings, Lee, et al. (2012) observe
and refer to ‘loosely formed team collaboration’ by patient care teams, dynamically
and quickly assembled upon patient arrival. The scope of such teams can also be
viewed from the patient dimension which is faced with many challenges pertaining to
patient status across remote locations (Lehmann, et al., 2008). Some key aspects for
understanding and designing for the context of health work include the volumes of
information generated and accessed; communication behavior and channels used; team
awareness; and coordination of tasks amongst the team. Traditionally such settings
have been characterized by lots of physical mobility, poorly integrated but numerous
systems supporting different practices or single systems not catering for all clinicians
(Fitzpatrick and Ellingsen, 2013). However with the introduction of advanced Mhealth solutions, there is an opportunity to deliver the healthcare service more
efficiently. Many healthcare providers are taking advantage of mobile technologies to
provide better quality service (Lehmann, et al., 2008).

2.1.2

CSCW Interest in healthcare

Computer supported cooperative work (CSCW) as a research area focusing on the
role of computers on group work highlights the central role of understanding the work
setting in design (Randall, et al., 2007). The interest of CSCW community in
supporting collaboration in the so-called complex settings is mainly attributed to the
need for effective communication amongst team members. Achieving effective
communication accounts for a substantial part of healthcare practitioners’ daily
routine. Broadly, Fitzpatrick and Ellingsen (2013) attribute CSCW researchers' interest
to significant investments/expenditure in ICT, multiple stakeholders and
heterogeneous sources of software products vis-a-vis the management’s objective for
such systems interventions. With development based on laboratory context, ICT failed
to make an impact in the organization setting. Important aspects for understanding
collaboration work in healthcare settings include temporal coordination, shift cycles,
spatiality, artifact use, redundancy, sense-making, information sharing, communication
breakdown, and workflows (Lee, et al., 2012).
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2.1.3

Implementation and acceptance of new technology

Fitzpatrick and Ellingsen (2013) point out that implementation of new technology
in healthcare settings can be complex, diverse and locally situated. Consequences of
such new technology like M-health can be both intended and unintended. Technology
users play a central role in acceptance and use of new systems which in turn improve
productivity. This thesis work investigates the healthcare professionals’ perceptions of
M-health solutions based on a comparative field study and selected literature studies of
varied healthcare settings. Using key concepts from CSCW research, the qualitative
feedback is discussed and high-level design considerations for future M-health
solutions proposed.

2.2

Related work

2.2.1

CSCW research in healthcare

Collaboration in complex work settings has been a key concern for CSCW
researchers. Medical settings can be categorized as complex given the spatial
distribution of medical professionals who tend to be shared across institutions. The
same applies to scarce medical equipment traditionally centralized but serving huge
populations of distributed patients. Effective communication is, therefore, a key
concern of CSCW studies in healthcare settings in ensuring successful collaboration
amongst distributed medical teams. Lee, et al. (2012) in an observational study
investigates 'loosely formed' collaboration teams in an emergency department, the
coordination mechanism required for their work practices and suggest guidelines for
designing communication technologies for similar work domains. Pinelle and Gutwin
(2003) considers the same concept in the patterns of work of mobile groups working in
the delivery of home healthcare services. Four patterns of work identified in loosely
coupled mobility included discretionary collaboration and effort thresholds; implicitly
shared information; asynchronous communication and coordination; and barriers to
synchrony. Loose coupling characterizes mobile work in which the workers are
autonomous with infrequent collaboration. The guidelines proposed by Lee, et al.
(2012) included designing for team-based communication, providing lightweight
feedback and supporting information transparency. In the Pinelle and Gutwin (2003)
study workers also adopted lightweight communication to share urgent information.
The collaboration style in the emergency department can be termed as tight mobility
while that of the mobile groups is loose mobility. In terms of settings the later applies
to remote mobility while the former applies to local mobility.
Tang and Carpendale (2007) focusing on information sharing process during
nurses shift change, conducted an observation study in a hospital word and offered
design implications for enhancing information flow. They identified a rich set of
distributed information sources that nurses were required to interact with in the brief
handover window. Common information space concept is used in this study to
understand successful collaboration through a combination of information, its
representation, and interpretation. Amongst the artifacts that other studies have drawn
attention to during shift handovers and gathering information on the move include
'diverse ensemble of paper notes' and working sheets useful for temporal planning of
work. In a related study with a similar setting (Tang and Carpendale, 2008), the
implementation of a new mobile technology on information flow practices was
investigated and design directions presented. The technological setup deployed
allowed information access and data entry anywhere in the ward. In their design
6

suggestions, they discussed the failure by the deployed mobile technology to replace
paper notes and instead proposed the use of paper like artifact in the information flow
(access and updates) and work performance. Digressing from the technical and social
aspects of collaboration settings, Scupelli, et al. (2010) focus their study on the
physical environment and how it supports or fail to support common information
spaces. Their design principles namely the connectivity, visibility, accessibility and
privacy of the whiteboard vis-a-vis the nurses control station influenced the update and
use of the whiteboards.
Reddy, et al. (2006) in a field study in a surgical intensive care unit explored the
temporal organization of action and the experience of the actors involved. They
examined the experience of temporality in the context of workers searching for,
managing and providing information during the course of their daily work.
Information seeking is conceptualized here as embedded in collaboration (and not an
individual activity) that goes beyond access to the interactive creation of information
as an artifact. In their analysis, they characterize work in terms of trajectories, rhythms
and horizons and information in terms of flows thus creating a framework to anticipate
both information needs and work consequences. Chen (2011) in a qualitative field
study of the temporal division of care cycles showed how health information is
exchanged and integrated from different sources. The temporal rhythm in this study is
characterized by the repeated clinical/home cycles every couple of months with
information flowing between the healthcare provider and the patients. Over long
periods of chronic disease management, such information is useful for the physician in
understanding the impact of the disease and tracking its progress over time. Within the
cycles, it is the patient understanding the interactions between daily behavior and
disease reading variations. The sense-making process is also undertaken
retrogressively with the assistance of the physicians during the clinic visits when
necessary. Design implications include design for a system that manages and keeps
detailed homecare information.
Larsen and Bardram (2008) focus their study on competence articulation as a
central aspect of the achievement of collaborative work. This encompasses the
dynamic quality and social development of competences in coordinated work. In a
longitudinal participatory study, they investigated how collaboration can be improved
through changes in communicative modalities. Within the concept of competence
articulation, they identified two aspects of competence, namely competence
assessment and responsibility negotiation. Their proposals for the design of
technologies supporting competence development was centered on communication via
situated dialogue, familiar form factor, and organizational accommodation.

2.2.2

Related work in TAM, D&M, and related models

Within the healthcare information systems context, there are examples of research
that have integrated the two models. Palm, et al. (2006) designed an electronic
instrument using both TAM and D&M model to assess the acceptability of an
integrated clinical information system (CIS) amongst health professionals. They
hypothesized that user characteristics, CIS quality, usefulness, and service quality as
independent variables were individually associated with user satisfaction as the
dependent variable. Unlike in other research where the user profile is not considered as
part of the main questionnaire, in this case, it was one of the determinants. User
characteristics (personality traits and demographic characteristics) is one of the
external variables in TAM that are considered to influence beliefs (perceived
usefulness and perceived ease of use) about outcomes associated with performing a
7

behavior which in turn shape attitude towards performing the use behavior (Wixom
and Todd, 2005).
Chatterjee, et al. (2009) in examining success factors for mobile work posits that
issues such as portability, task structure, ease of use, and system reliability influence
use of mobile technology by health professionals, their satisfaction and realization of
overall benefits. While constructs such as perceived usefulness and perceived ease of
use proposed by the Technology acceptance model have been used to predict users’
initial adoption of technology, user satisfaction has been adopted in information
systems research as an indicator of IS success and use (e.g., DeLone and McLean,
2003). In DeLone and McLean (2003) model of IS success, system quality,
information quality, and service quality significantly affect both use and user
satisfaction.
System quality positively influences perceived usefulness (Wixom and Todd,
2005). Venkatesh, et al. (2003) found a significant relationship between effort
expectancy and intention to use the system with this significance reducing over a
period six months after system implementation. Shih (2004) also determined that
perceived ease of use is positively related to users’ perception of the usefulness of the
internet.
User training by the internal IT department was found to be associated with
perceived usefulness (Klein, 2007).
Bharati and Chaudhury (2006) posit that system quality positively contributes to
interface satisfaction. Shih (2004) also determined that perceived ease of use allowed
office workers to form a positive attitude towards using the internet.
Halawi, et al. (2007) found that the quality of support and services provided by the
IS function have a positive effect on user satisfaction. However, Chiu, et al. (2007)
found an insignificant relationship between the role of support and user satisfaction in
an e-learning environment.
Venkatesh, et al. (2003) found a significant relationship between performance
expectancy and intention to use the system. Klein (2007) also found that perceived
usefulness of internet-based patient-physician portal has a positive directive effect on
behavioral intentions of communicating with health providers and accessing medical
records. In investigating the adoption and acceptance of smartphones by medical
doctors and nurses, Yangil and Jengchung (2007) determined that perceived usefulness
of these mobile devices significantly influenced the behavioral intention to use them.
As indicated earlier information quality will be considered in this study as a
component of user satisfaction. This is also supported by several studies (e.g. Shih
(2004)) which also determined that relevance of information is positively related to
user attitude toward using the internet. However studies focusing on IS success model
as a whole measure information quality as a separate construct (Petter, DeLone, and
McLean, 2008). Many other studies found a significant relationship between
satisfaction and intention to use (Wu and Wang, 2006; Bharati and Chaudhury, 2006;
Chiu, et al., 2007; Halawi, et al., 2007).
Chiu, et al. (2007) identified a significant relationship between use and user
satisfaction in an e-learning context. Extra-organizational contexts such as private use
of mobile technology when encouraged (Scheepers, et al., 2004) appeared to leverage
on overall satisfaction with the technology by users. Halawi, et al. (2007) also
determined a positive relationship.
8

2.3

Aims and objectives
The aim of this thesis work is to propose design considerations for future Mhealth solutions based on an analysis of user perceptions. The key objectives are
captured in Table 1 below.
#
O1

Objectives
Identifying significant factors that
influence acceptance and adoption by
healthcare professionals using related
health information systems based on
previous studies.

O2

Using factors determined in O1 above,
develop a questionnaire to solicit
qualitative feedback from healthcare
professionals (using M-health solutions)
captured in selected literature studies and
a field study.

O3

Discussing the findings in O2 above to
suggest design considerations for future
M-health solutions
using relevant
concepts.

Table 1: Thesis objectives.

2.4

Research questions/hypothesis
The research questions aimed to be addressed by this study are captured in table 2
below.
#
HP1

RQ1

RQ2
RQ3

Research question/hypothesis
Factors influencing the acceptance and
adoption by users of health information
systems and information systems, in
general, will also apply to users of Mhealth solutions.
What are the significant factors that
influence acceptance and adoption of
health information systems by healthcare
professionals based on literature studies?
What are the views of healthcare
professionals regarding the M-health
solutions they use?
What requirements can be derived from
the feedback of healthcare professionals in
RQ2 above that is useful design input for
future M-health solutions?

Table 2: Research questions.
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2.5

Expected outcomes
i. A list of constructs that the thesis considers significant in influencing
healthcare professionals in their adoption and use of M-health solutions.
These constructs are useful for developing conceptual models that can be
applied in the future assessment of user perceptions of users in M-health
context. However, the validation of such a concept through quantitative
field studies require a substantial sample of M-health users which maybe
beyond the scope of this thesis.
ii. The questionnaire developed from this thesis work and applied in successfully
obtaining relevant data from literature and field study. This is an authentic
data collection tool available for studies in similar context.
iii. Design considerations for future M-health solutions. This is the main
contribution. They are humble suggestions or recommendations for the
future design of M-health solutions. Through application in future design
work, they are subject to review and improvement.
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3

RESEARCH METHODOLOGY

3.1

Research design
The research was conducted in three steps. In the first step, a literature review was
conducted to obtain background information on factors influencing technology
acceptance with emphasis on the success factors of health information systems from
healthcare professionals’ perspective. In the second step, key constructs from
prominent models namely IS Success model and Technology Acceptance Model
identified from the first literature review were used to formulate questionnaire
instruments for a second literature review and field interviews. The selected literature
was hence focused on studies that have operationalized these constructs and involved
surveys evaluating the adoption of M-health solutions. The third step again involved
literature review of studies focusing on collaboration work with an emphasis on
concepts that have been applied in analyzing the work of healthcare professionals
using M-health solutions. The same concepts were used to analyze the findings from
the second step literature review with the objective of proposing design requirements.

Figure 2: Research design.

3.2

Overview of the literature review
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The first literature review was on previous work undertaken on factors considered significant
in the acceptance of technology with a focus on health information systems. This was
developed as illustrated in Figure 3 below:

Figure 3: Literature review overview.
The literature review strategy in this study is broken down into three main components,
the literature search which includes both definition and performance of the search, evaluation
of collected data for eligibility and the actual review and analysis of the final reference list.
Dawson (2009) points out that a literature review acting as an introduction to the project
serves the following purpose:
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i.
ii.

iii.

3.3

Justifies and gives the project a foundation by highlighting other related work. This
shows that the area of work is meaningful and recognized. By identifying the gap in
existing work, the study presents the contribution to existing body of work.
It sets the scope of the project. By giving the study a context through the review of
past and current work, the student is able to avoid duplication and narrow focus to
reasonable limits based on the level of the study.
It provides other researchers with information on how the project evolved and where
they can pick up to build on the particular area of information. This is an important
comprehensive literature base for those who may wish to develop the project work
further.

Search strategy

Search strings were developed through the following steps:
i.
ii.
iii.
iv.

3.4

Based on the research questions keywords or phrases were formulated.
Synonyms for the keywords were identified through a review of titles, abstracts,
contents and keywords sections of literature found.
Relevant keywords were selected for further search.
Boolean operators ("OR", "AND") were included in the search strings.

Selection criteria

The studies obtained through the search process were taken through a study selection
criterion to obtain potential articles that provide direct evidence on the research questions.
The following inclusion and exclusion criteria were defined for the study:

3.4.1

Inclusion criteria

Two levels of inclusion criteria were applied i.e. basic and detailed. The detailed
inclusion criterion was applied to the output of the basic inclusion criteria.
i.
Basic inclusion criteria covered articles which were unique (non-duplicate), peer
reviewed (journal / conference proceedings), full text in English and published from
the year 2002 to 2013.
ii.
The following detailed inclusion criterion was applied to the remaining set of articles
through a review of their titles, abstracts, and conclusions. Information systems (IS)
user perception models technology acceptance model (TAM) and IS success model
were selected and used to filter studies mainly focused on health information
systems. In addition, key constructs in these models such as intention to use and user
satisfaction were used for further filtering where applicable. In the second level
literature, the search was narrowed to wireless or mobile technology related studies
focusing on healthcare professionals and their perception towards M-health.
Handheld devices and smartphones were considered potential synonyms for Mhealth. Finally based on an advanced review of the literature on frameworks for
mobile healthcare design four concepts related to collaborative work were identified
(mobility work, common information spaces, temporality and cognitive artifacts/
coordinative artifacts). Through snowballing, the references of some of the identified
literature material yielded literature on related concepts on computer supported
cooperative work (CSCW).
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3.4.2

Exclusion criteria

This was applied to studies which did not meet both inclusion criterion. Some examples
of exclusions included studies based on IS perception models such as the unified theory of
acceptance and use of technology (UTAUT), studies based on extended IS success and TAM
models whose constructs were not relevant for the study and studies which generally
discussed the design for collaboration work.

3.5

Keywords, Search strings and Databases

Keywords and search strings were defined based on the three research questions.
i.

The first research question was about factors that affect acceptance and adoption of
health information systems by healthcare professionals. The keywords identified in
this category included IS Success/ IS Success factors, TAM, health/ healthcare/
clinical care and intention to use.

Database
ACM

Content type
Search strings
Journal/Conference/Books “IS success”,
health OR
TAM,
healthcare,
“intention to
use”
Emerald
Journal/ Books
(“IS success
factors”,
healthcare)
OR (TAM
and
healthcare)
ScienceDirect
Journal/ Books
(“IS success”,
health) OR
(TAM, health)
PubMed
Journal/ Books
(“Success
factors” and
“clinical
care”) OR
(TAM and
healthcare)
Table 3: Keywords, search strings and databases 1.
ii.

Search in
Abstract

Results
65

Abstract

16

Abstract

28

Title/
Abstract

31

The second research question was about healthcare professionals' perception of Mhealth solutions. The key works applied in this category included wireless/ handheld/
smartphones/ mobile technologies, perceptions/ factors/ adoption, healthcare/ critical
care, M-health/ mobile health, physicians and user satisfaction.

Database
PubMed

Content type
Journal/ Books

Search strings
((wireless)
AND

Search in
Title/
Abstract

Results
52
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(perception)
AND
(healthcare))
OR ((M-health)
AND (factors))
OR ((handheld)
AND (critical
care)) OR
((smartphones)
AND
(healthcare)
AND
(adoption))
ACM
Journal/Conference/Books “mobile
technologies”,
adoption,
healthcare” OR
handheld,
“critical care”
OR M-health,
factors,
physicians OR
smartphones,
healthcare,
“user
satisfaction”
ScienceDirect
Journal/ Books
(“mobile
health” and
physicians) OR
(smartphones
and healthcare)
OR (“mobile
technologies
and healthcare”)
Table 4: Keywords, search strings and databases 2.
iii.

Abstract

55

Abstract

25

In the last category, the literature review focused on the key concepts useful for the
analysis of collaborative work healthcare professionals using M-health solutions.
The keywords used in the literature review included mobility work, common
information space, temporality/ "temporal trajectories, temporal rhythms and
temporal horizon", cognitive artifacts, coordinative artifacts.

Database
ACM

Content type
Search strings
Journal/Conference/Books “mobility
work” OR
“common
information
space” OR
temporality OR
“Cognitive
artifacts” OR
“Coordinative
artifacts”

Search in
Abstract

Results
70
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Emerald

“mobility
work” OR
“common
information
space” OR
temporality OR
“Cognitive
artifacts” OR
“Coordinative
artifacts”
ScienceDirect
Journal/ Books
“mobility
work” OR
“common
information
space” OR
temporal
trajectories OR
temporal
horizon OR
temporal
rhythm OR
“Cognitive
artifacts” OR
“Coordinative
artifacts”
PubMed
Journal/ Books
“mobility
work” OR
“common
information
space” OR
temporal
trajectories OR
temporal
horizon OR
temporal
rhythm OR
“Cognitive
artifacts” OR
“Coordinative
artifacts”
Table 5: Keywords, search strings and databases 3.

3.6

Journal/ Books

Abstract

27

Abstract

86

Title/
Abstract

82

Selected studies
Having defined the exclusion and inclusion criteria, the search strings were applied
across the selected databases. Initially, a total of 140, 132 and 265 articles were found
for the three scenarios respectively. With the application of exclusion and inclusion
criteria only 78, 46 and 23 articles remained and were reviewed at abstract and
conclusion level. The final articles selected for full reading were 15, 9 and 12
respectively.
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3.6.1

Studies on RQ1

Total Articles
140
Excluded by basic and detailed
117
inclusion criteria
Reading abstract and conclusion
23
Reading full text
15
Table 6: Selected studies on research question 1 – statistics.
References
Palm, et al. (2006); Chatterjee, et
al. (2009); Pai and Huang (2010);
Jen and Chao (2008); Yangil and
Jengchung (2007); Scheepers, et
al. (2004).
DeLone and McLean (2003);
Petter, DeLone, and McLean
(2008); Venkatesh, et al. (2003).
Wu and Wang (2006); Bharati
and Chaudhury (2006); Shih
(2004); Klein (2007); Halawi, et
al. (2007); Chiu, et al. (2007).

Motivation for selection
Studies examining acceptability, adoption and/or
success factors or perceptions of healthcare
information systems amongst medical staff.

Articles introducing significant constructs from
prominent models in and the relationship between
the constructs.
Studies empirically testing the interrelationship of
the selected constructs in other relevant fields
such as knowledge management systems, internet
utilization of portals, choice boards and e-learning
environments by users including physicians and
other users.
Table 7: Selected studies on research question 1.

3.6.2

Studies on RQ2

Total Articles
132
Excluded by basic and detailed
86
inclusion criteria
Reading abstract and conclusion
46
Reading full text
9
Table 8: Selected studies on research question 2 – statistics.
References
Garrett and Klein (2008); Mirza, et al.
(2008); Holleran, et al. (2003); Singh, et
al. (2012); Lapinsky, et al. (2001);
Jones (2003); Lehman, et al. (2008);
Zheng, et al. (2005); Payne, et al.
(2012).

Motivation for selection
Studies
exploring/evaluating
the
perception/adoption behavior of healthcare
workers in the use of mobile technologies
to support their practice activities. The
studies were mainly surveys, field
interviews in health settings such as wards,
ICU or hospitals or involved remote
interaction with the health information
systems e.g. through notifications.

Table 9: Selected studies on research question 2.

3.6.3

Studies on RQ3

Total Articles
Excluded by basic and detailed
inclusion criteria
Reading title, abstract and

265
187
78
17

conclusion
Reading full text
12
Table 10: Selected studies on research question 3 – statistics.
References
Doherty, et al. (2010).

Motivation for selection
Studies focusing on frameworks for the design for
mobile healthcare applications
Bardram and Bossen (2005); Studies
employing
selected
conceptual
Reddy, et al. (2006); Tang and frameworks emerging in the study of healthcare
Carpendale (2007); Chen (2011); work and offering design suggestions.
Lee, et al. (2012); Scupelli, et al.
(2010).
Larsen and Bardram (2008); Studies focusing on concepts central to successful
Nemeth and Cook (2004).
collaboration and which offer design suggestion.
Fitzpatrick and Ellingsen (2013). Studies review collaborative work in healthcare
settings.
Table 11: Selected studies on research question 3.

3.7

Questionnaire design

Questionnaires ensure consistency when conducting structured interviews or surveys
across all respondents. In order to focus the discussion topics preparing a set of questions is
paramount. Various data collection media such as email, online sites can be used to target the
audience. However, response rates are as low as 5% especially for email and online
questionnaires. Establishing initial contact with the target audience, introducing them to the
research objectives and benefits are some ways to motivate higher response rates. Closed
type of questions such as ordinal scale questions is easier to respond to, analyze and
quantify. However open-ended questions allow freedom of expression and can provide rich,
qualitative data, as well as compliment, closed questions. The term semi-structured
interviews in this study implied the application of both open and closed questions providing
scope for greater exploration on respondent feedback. Respondent details such as profession
and qualifications are useful especially for correlation with the rest of the questionnaire
feedback.
From the literature review, a set of factors were considered significant determinants of
adoption and acceptance of M-health systems by healthcare workers. From these set of
variables, a hypothesis was formulated based on latent relationships between them and a
conceptual model adopted for the study. A comprehensive list of measures was generated for
each of the selected set of constructs. These measures or questionnaires were taken from
previously validated instruments used in various IS research and adapted for the Kenyan Mhealth context. Interviews were planned to be conducted using these questionnaires targeting
healthcare workers currently using M-health systems. The study opted for a snowball and
convenient sampling techniques due to the tight schedules that healthcare workers tend to
have. Given that online or email survey questionnaires tend to result in very low responses,
face to face interviews was preferred. The selected constructs employed were system quality,
service quality, intention to use, perceived usefulness, use and user satisfaction. The
questionnaire was pilot tested with a few industry experts and refined based on their
feedback. This feedback was collected by engaging the experts in the face to face
discussions. A 5- point Likert scale utilizing verbal response descriptors was adopted for the
study as it is the most commonly used measure in scale design (Pai and Huang, 2010).
Reliability and validity were considered by using 5- or. 7- Point scales (Dawes, 2008).
However over five points scales pose a difficulty in distinguishing the right point while in
three-point scales the extreme opinions on either side of the scale are depressed (Pai and
Huang, 2010). The responses were rated as follows: 1 as strongly disagree, 2 as disagree, 3
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as somewhat agree, 4 as agree, and 5 as strongly agree. Another reason for preferring face to
face interviews was to provide an opportunity for follow-up questions to the response
provided. Thirdly attending the field visits to conduct the interviews provided an opportunity
for observation which contextualize and compliments/confirms the questionnaire response.
As captured in the findings section the literature review for each questionnaire item provided
clarity and also guided follow-up questions.

3.8

Field study setting

3.8.1

Motivation

The use of ethnographic approaches to studying of work has been widely adopted by
researchers as a resource for investigating the settings and eliciting requirements for design
(Doherty, et al., 2010). Field work as part of the design process enables data collection
through methods such as key informant interviews and participant observation/ recording.
Observing users as they engage in their work practice and use of artifacts yields a lot more
information beyond what they report. It is important to use field work to build on previous
work since not all studies can justify field investigation. Field work data can also be used to
derive or ground concepts which are in-turn useful in the analysis of healthcare work.
Doherty, et al. (2010) posit that these concepts are used to highlight issues that must be
addressed, to present the data and to derive requirements from the ‘observational records’.
The same sentiments are supported by Randall, et al. (2007) who argues that for researchers
to be ethnographic in their approach they must be familiar with what to look for in terms of
themes, topics and issues and explicate the observed settings around the same. In this paper
focus will be on specific analytical concepts which have been employed in exemplar studies
in the healthcare domain. These are introduced in Chapter 4.

3.8.2

Nakuru eye project

The Nakuru eye project is a longitudinal study in which a new M-health application
'portable eye examination kit' (PEEK) installed on android (version 4.0 and above)
smartphones was undergoing a trial on an original cohort of 5000 patients. This M-health
initiative aimed to test the ophthalmic application on a sample population that would
eventually utilize it once it is fully deployed. The android OS was piloted because of the
adaptability and given it's far more popular in Africa than the iOS. The gold-standard
hospital-based eye equipment that has been deployed to the one hundred test locations for
the comparison tests against the new PEEK application were only available at one or two
leading hospitals in the entire country. These equipment include visual field machine, DRS
fundus / retinal camera, slit lamp, visual acuity chart and an autorefractor. The visual field
machine was used to test slow loss of peripheral vision which can occur with conditions such
as glaucoma. Damage caused by such conditions is irreversible and therefore early detection
is important. The retinal camera captures digital images of the back of the eye (central retina)
which are useful for monitoring various systemic diseases such as diabetes, malaria,
HIV/AIDS and high blood pressure, as well as eye-specific conditions such as glaucoma,
macular degeneration, and diabetic retinopathy. The slit lamp is effectively a microscope
which is able to provide a microscopic view of the eye. It can be used to determine a wide
range of eye problems including how much cataract a patient has in the eyes and requires a
lot of training to use. The visual acuity device is used to measure a patient's distance vision.
Standardized charts are used to measure how much detail the eyes can see at near and far
distances. Finally, an autorefractor is used to measure the refractive error and the correct
lenses prescription for eye patients. In essence, therefore, the project would be introducing
advanced levels of eye examinations and diagnosis in remote areas where it was nonexistent.
It is important to point out that the phone was not treating eye patients but was providing the
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capability to differentiate between those who need help and those who don't. It, therefore,
does not replace the doctor who should provide the necessary prescriptions or surgery
depending on the results of the tests. In this kind of M-health initiative, one of the benefits of
visiting the patient in their home locations is an ability to capture data on the social
economic status which was useful in the analysis of risk factors and associated diseases.
Zheng, et al. (2005) in their assessment of acceptance and adoption of a clinical reminder
system used a mixed methodology approach that included surveys, field interviews and
textual notes in combination with the use of quantitative data. In this study, open-ended
questions were considered alongside structured questionnaire in order for medical
professionals to freely express their views, experiences and expectations of the system.
Responses from the open-ended questions were useful for analysis to strengthen the
empirical findings through triangulation.

3.9

Sample and data collection

Two approaches were considered for data collection. Direct field data collection
involved presenting questionnaires to health workers using M-health solutions. The second
approach considered was the re-examination of previous ethnographic studies. Much can be
learned from available ethnographic studies of healthcare professionals using M-health
solutions. These studies offer an opportunity to sensitize designers on a variety of settings
within a relatively short space of time. The focus of these studies was on those aspects that
are relevant to the survey questions developed for this research. Of particular interest were
issues related to acceptability and usability of M-health solutions. That the studies cut across
the duration of several years, work practice, settings, and user perceptions would be
potentially significant. In addition, considering the situatedness of the studies, this research
has an opportunity in addressing not only the technical issues highlighted but also the social
concerns captured in the findings. Taking into account, both the social factors and the
changing contexts of a system in use is essential for developing design requirements for
future M-health solutions.
For the field study, 15 questionnaires were printed for distribution. The interviews were
planned to be conducted over duration of two days with each session taking an hour. To
include the observation component, a request was made and approved by the Nakuru eye
project lead to join their team in the field and conduct the interviews on the ground. A total
of eight respondents were interviewed over the two days with each session taking an average
of 30minutes. The questionnaires were marked depending on whether the respondent agreed
or disagreed on each item. For qualitative feedback the literature review provided on each
item for similar studies was used for further clarification and to illicit detailed feedback. The
observation aspect also created a background for follow-up questions.
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4

THEORETICAL WORK

4.1

CSCW Concepts
Mobility work is a key aspect of cooperative work. Computer support for
cooperative work has shifted focus from tying work to the desk to supporting mobile
workers in different work settings. Bardram and Bossen (2005) narrows down the
concept of mobility work to understanding ‘why, when and how people are mobile in
their job’. To address the distributed physical space covered by healthcare
professionals in doing their work a lot of medical equipment/ technology are
concentrated in specific locations. This so-called medical specialization led to the
subdivision of hospitals into dedicated departments. However whereas this could be
attributed to nature of space, environment or cost of these medical equipment such as
the various scanners (Bardram and Bossen, 2005), IT innovation was still necessary to
address the need for moving around people and things to accomplish work. Two
aspects of mobility, remote and local mobility were found to have increasing attention
in CSCW literature. Major concerns were addressing computer support for cooperation
between mobile workers across large distances mainly done through email, video
consultations, and phones. However local mobility taking away workers from their
desks ‘penalized’ gains made on addressing remote communication from the desktops.
Attributing the concerns to the static nature of existing technologies (desktop
collaboration), most second category of studies argued for CSCW to accommodate
design for mobility in collaborative work. Tang and Carpendale (2008) points out that
when information sharing is tied to designated locations it defeats potential benefits of
real-time sharing of information at points of care. Two related concepts to mobility are
articulation work and coordination mechanism. Whereas articulation work concerns
the coordination of distributed activities of cooperative actors’ coordination
mechanism clarifies the role of artifacts as support for the articulation of distributed
activities (Luz, et al., 2013). Examples of articulation work in the literature include
facilitating access to appropriate communication channels and mechanisms of
interactions.
Common information space is another key concept in CSCW literature. In earlier
work it was discussed as an alternative mechanism in distributed work activities
supported by technology. Unlike the shared database, it involves ‘joint interpretation
of the shared objects and events by the actors involved’ within the particular work
setting thus creating a common information space. Tang and Carpendale (2007) in
their study of nurses analyze a common information space characterized by a
multitude of information media accessible by all participants and actively used during
the shift change. Issues such as the interpretation work to assign meaning to specific
actors and problems arising from the subsequent change in settings, time or actors
were discussed in detail. Also relevant in the CSCW literature was whether the shared
space was within or between communities of practice and the implications for
technology support such as difficulties in sharing in translation and portability of
information. Tang and Carpendale (2007) also refers to the difference in CIS structure
when constructed by a team of co-present collaborators and that constructed across
time and space boundaries. Negotiation of interpretations of information is impacted
negatively as a result of reduced openness and malleability of information in the case
of distributed teams.
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Temporal organization of action in distributed work settings has been a primary
concern in CSCW research. The ways in which healthcare work has been integrally
embedded in and coordinated across time and space dimensions is seen as one of the
key contributions of CSCW research (Fitzpatrick and Ellingsen, 2013). Spatial
distribution of collaborating teams with challenges such as the distance between them
focused research on topics like computer-mediated communication. Synchronous
collaboration and related phenomena attempted to overcome problems of distribution
bridging the space dimension using communication technologies. Even with the
successful simulation of co-presence, not all actors can be available nor do all
activities take place at the same moment hence the interest in the temporal
organization of work. Recognized in the literature as ‘social time’, social and cultural
settings influence our notion or encounters with time and thus shape the temporal
organization of activities and events.
Individual distributed cognition applies to the interaction between a single actor
and one or more artifacts while socially distributed cognition investigates groups of
people’s interaction with or without artifacts. The trend in CSCW research has been to
analyze cognition at different levels such as cognition of individuals and of a
community of practice. Constructivist approaches in CSCW research assumes the
individual constructs in the mind his or her understanding of reality. By contrast,
followers of Vygotsky (social-cultural) recognize individual cognition mediated by
cultural factors (seen as a set of environmental variables) in settings of cooperation. In
this sense, the group interaction is treated as an external influence on the individual.
The community cognition level includes approaches like situated learning in which the
process of learning is embedded (produced and reproduced) in structures of ‘socially
defined knowledge’. Similarly, distributed cognition is characterized by cognitive
processes distributed across members of a social group and cognitive properties
produced through members’ interaction and different from the cognitive properties of
the individual. Viewed as a socio-technical system the focus on this last approach is
also on the cognitive role of the artifacts, mediating collaboration between individuals.

4.2

User perception models
Literature abounds in research examining determinants of information technology
acceptance amongst users (Venkatesh, et al., 2003). Many prominent models have
been developed, empirically tested and expanded in numerous studies with different
sets of acceptance determinants. These models help in understanding how and why
individuals adopt new technologies which then become useful in designing
interventions where necessary. Technologies improve productivity if they are accepted
and used (Venkatesh, et al., 2003). Apart from individual acceptance of technology,
other information systems (IS) research streams on user acceptance have focused on
implementation success at the organization level and task-technology fit (Venkatesh, et
al., 2003). DeLone and McLean (2003) emphasizes that no single model is better than
the other and hence conceptualization and measurement of variables is a function of
the objective of the study and the organizational context. For instance, whereas the
Unified theory of acceptance and use of technology (UTAUT) focuses on system use
as a dependent variable, the second model D&M model IS success model measures
nature, extent, quality and appropriateness of the system use (DeLone and McLean,
2003). UTAUT was a unified model integrating elements across eight previous
acceptance models. Amongst these models was the technology acceptance model
(TAM) which was tailored for the IS context and has been widely applied to a diverse
set of technologies and users (Venkatesh, et al., 2003). This section will duel on
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reviewing selected models and their determinants while providing a theoretical
background for the constructs that are finally used in the research.
From the literature user satisfaction and technology acceptance are the two
dominant research streams used in examining user perceptions about IT. Comparing
TAM and D&M models, Wixom and Todd (2005) posit that whereas TAM has a
predictive ability on usage it does not give feedback on key information systems
design attributes that are provided by the quality dimensions in the D&M model IS
Success models. Wixom and Todd (2005) therefore propose an integration of the two
models to ‘improve the predictive value of user satisfaction and augment the practical
utility of technology acceptance’.
In the updated IS success model, quality has three dimensions namely system
quality, information quality and service quality (DeLone and McLean, 2003) as
illustrated in Figure 4 on page 24. System quality measures ease of use, userfriendliness, flexibility, reliability, accessibility, integration and response time;
information quality measures accuracy, legibility, relevance, completeness and
currency of information; service quality measures quality of support provided
(technical competence, response time), change requests processes (e.g. software
upgrades), system documentation (user manuals) and training provided on the system
to its users. Ease of use or perceived ease of use is the most common measure of
System quality while information quality in most studies is normally measured as a
component of user satisfaction (Petter, DeLone, and McLean, 2008). In the findings of
Palm, et al. (2006), the study CIS quality, perceived usefulness, and the service quality
remained significant determinants of CIS satisfaction.
Pai and Huang (2010) while proposing a conceptual model adopted the three
quality dimensions from the D and M model as the external variables, perceived
usefulness and perceived ease of use as the mediating constructs and intention to use
healthcare systems from the TAM (2) model. Pai and Huang (2010) is, in essence,
addressing the limitation in D&M model to predict system usage by employing the
behavioral beliefs from TAM to mediate its influence on intention. They designed their
questionnaire based on intention to use health systems and conducted a survey
amongst nurses and other health workers. Their analysis showed that all the proposed
factors positively influence users’ intention to use healthcare systems.
Jen and Chao (2008) augmented the D&M IS success model to explore the success
of a health risk reminders and surveillance system to deliver critical patient test results
in near real-time to physicians. The variables used were system quality, information
quality, system use, user satisfaction, impact on the individual and impact on the
organization. The additional variable added was mobile healthcare anxiety used to
measure the psychological impact on the healthcare professionals using healthcare
information systems. In this study information quality was significantly associated
with system use and user satisfaction. System use in the IS success model has items
such as the amount of use, frequency of use, nature of use and appropriateness of use
while user satisfaction measures users’ level of satisfaction. Petter, DeLone, and
McLean (2008) in analyzing IS models, dimensions, measures, and interrelationships
found moderate support in IS literature on the relationships between Use and User
Satisfaction, as well as the correlation between Use and Net Benefits. However, there
was strong support for the relationship between net benefits and user satisfaction. In
coming up with the Net benefits constructs, D&M model was responding to criticism
that information systems can affect levels other than organization and individual
levels. This revision allowed the model to account for benefits at multiple levels of
analysis such as industry; workgroups or even societies (Petter, DeLone, and McLean,
2008).Some examples of net benefits include improved decision making, improved
productivity and cost reduction. Wu and Wang (2006) highlight the difficulties in
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measuring system benefits in terms of numeric costs such as intangible system impacts
and intervening environmental variables pointing to the adoption of perceived
usefulness as the commonly used measure.

Figure 4: DeLone and McLean’s Updated IS Success Model (DeLone and McLean 2003, pp.
24)
The foregoing literature review has taken into consideration both the D&M model and
the TAM model. Taking both models into account, we can segment the variables into
external variables (i.e. the quality dimensions and user characteristics), attitudinal measures
(i.e. intention to use and user satisfaction) performance related measure (i.e. net benefits) and
behavioral measure (i.e. system use).The relative importance of the external variables or
system characteristics (Wixom and Todd, 2005) and their key antecedents is dependent on
the specific study system and context. Wu and Wang (2006) on the other hand proposes a
socio-technical viewpoint for measuring Knowledge management success classifying the
constructs into technological (quality dimensions) and human dimensions (e.g. user
satisfaction, perceived system benefits and system use). Satisfaction is the most common
construct in the literature previewed above. Bharati and Chaudhury (2006) describing it as
important and widely used construct break down user satisfaction into three components i.e.
interface satisfaction, decision-making satisfaction, and resultant overall satisfaction. In their
proposed model the quality dimensions positively influence interface satisfaction.
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5

FINDINGS

5.1

System quality

5.1.1

The M-health solution is easy to use

In exploring nurses perception of wireless PDA (Garrett and Klein, 2008), ease of use was
related to capabilities such as portability, size, and connectivity. Similar feedback was also
captured in the Nakuru eye project survey in which majority of the respondents associated
ease of use to portability and size of the smartphones hosting the PEEK application. The
PEEK application currently hosted on android smartphones is aimed at replacing a set of eye
equipment traditionally used within hospital settings or transported to very remote rural areas
for eye clinics. PDA size comparable laptops were also considered advantageous allowing it
to be available to the practitioners at all times. However, the small size advantage in some
studies tampers with small screen size making readability a difficulty in data retrieval. Mirza,
et al. (2008) highlight the constraints imposed by the small screen and keyboard size. In this
study, doctors felt that M-health applications should not be designed for the significant
amount of free-field data entry. Other issues apart from the small screen size reported in the
literature include damage due to dropping and battery problems (Holleran, et al., 2003). The
Nakuru eye project addresses the battery problem by incorporating a solar charger cum
backpack as part of the accessories for field visits by respondents into areas without any
electricity supply. More than half of the primary care providers in Singh, et al. (2012) did not
find the electronic health records alert notification system easy to use in terms of convenient
features for notifying patients of test results. Features aimed at promoting efficiency such as
sorting, customization filters for amount or type of alerts were not fully utilized.

5.1.2

The M-health solution is easy to learn

In Lapinsky, et al. (2001), medical residents using PDA were unaware that certain
information was available in their PDA. Reference databases such as the critical care drug
dosing reference amongst others were not fully utilized. This was attributed to inadequate
training given that data was located on separate software programs and may have been
difficult to find. However, respondents in the Nakuru eye project found the PEEK
application easy to learn within as little as one to three days compared to the eye equipment
such as the fundus camera and the digital retinography system which required two to four
weeks of training. This was also significant for the project to determine that healthcare eye
experience was not mandatory as pinching and zooming using the smartphone camera was
sufficient to capture patient data on the PEEK application. In the findings of Mirza, et al.
(2008) and Jones (2003) the health providers were in agreement on the need for practitioner
training due to the complexities in M-health technology.

5.1.3

I find it easy to get the M-health solution to do what I want it
to do

Regarding data entry Garrett and Klein (2008), found that some practitioners faced
challenges with the PDA that required improvements such as the difficulty with typing free
text as opposed to drop-down selectable menu and shortcuts. This view was not shared by all
who preferred free text. One of the issues here appeared to be the requirement for typing a
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lot of text as being time-consuming. In Lapinsky, et al. (2001) a customized template was
also used by medical residents’ responsible for patient data entry and update who described
the difficulty in keeping these records updated during busy sessions. Ease of data entry was
also reported to be important for better user acceptance in the Jones (2003) study. In the
Nakuru eye project, using the new PEEK application only patient details such as name, age,
and location name required manual entry. The rest of the data captured as the tests are
performed were auto recorded. Once the PEEK application running on android smartphones
is fully adopted there would be zero paper data entry.

5.1.4

The M-health solution is able to integrate data from different
sources

Large volumes of real-time data were considered a great advantage of wireless PDA (Garrett
and Klein, 2008) in clinical decision support. The data sources in wireless PDA use included
consultations with other health professionals and access to clinical reference materials such
as medication alerts and dosage. The PDA provided the capability to perform complex data
searches on data stored locally and synchronized in real-time to support the diagnostics and
prescribing tasks undertaken by nurses. Delayed response to technical data queries affected
their ability to treat patients in time. In Jones (2003) the absence of functionality to access
patient information e.g. electronic medical records was identified as a cause for the limited
impact of tablet PCs improvement of care. In the PEEK application (Nakuru eye project)
clinical reference material was still in the build process and wasn't part of the existing
functionality. However, Google maps were integrated enabling search for patient data
retrieval including location and plotting of such patient statistics on global maps. Being a
smartphone the internet was also integrated.

5.1.5

The M-health solution provides adequate functions for doing
the related job function.

This was referred as functional integration in the survey outcome of nurses’ perceptions on
PDA (Garrett and Klein, 2008). Incorporated into one portable device were wireless web
search capability, clinical references and communication tools including support for
multimedia. The Tablet PCs used by bed managers to wirelessly retrieve, send and update
data was small enough to carry, provided sufficient data visually and was easy to use with
touch screen and fold out keyboard (Lehman, et al., 2008). Medical residents using the
clinical reminder system indicated their preference of having a single integrated system
performing all encounter related tasks (Zheng, et al., 2005).

5.1.6

Interface layout, navigation and color coding screen
contribute to the successful usability of the M-health solution

Medical residents complained that the clinical reminder system lacked guidance in the
application of workflow. There was no guidance on the preferred order of data entry from
the interface used (Zheng, et al., 2005). However in the Nakuru eye project, the respondents
found a natural workflow in the PEEK application minimizing the time spent on normal
patients. This was an improvement from the legacy applications with which a lot of time was
spent on patients without problems categorized as well. Based on the parameters of the
previous tests, the PEEK application workflow was designed to guide the user on the next
test to be performed. The visual acuity test using the PEEK application does not require the
patients to recognize different letters which could be a hindrance with language limitations,
but rather identify one shape (A square letter “E”) and confirm to the eye care professional
the direction it is pointing. On the same test case the professional will not need to keep
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pointing the screen and turning back for the patient but simply swipe phone towards the
confirmed direction and shake the phone when it is wrong for the next letter size. The
application automatically provides the result of the test after the various responses are
captured. Seamless use of the technology in settings of information sharing chains was also
seen as a key requirement for many respondents (Mirza, et al., 2008). For instance, the use of
paperwork for data collection as input for electronic transmission was seen as a barrier to the
success of M-health use. Only a third of primary care practitioners had remote access to
electronic medical health records in the study by Singh, et al. (2012) with the rest working
late or over the weekends. In addition, more than a half were able to hand over their alerts
while out of the office. These alerts were aimed at notifying patients of their test results in
which case over fifty percent of the respondents did not notify patients of normal results.
Some of the recommendations made by over two-thirds of the respondents included having a
separate window for high priority alerts or color coding based on alert types. They also
supported information flows at handover with visibility on who is responsible for follow-up
and getting performance feedback on alert management. In the Nakuru eye project, a patient
activity status was used to indicate active when there were pending tests to be performed on
a patient and the team member responsible. Alert functionality was utilized on the experts
end with a capability to set levels of priority.

5.1.7

The M-health solution integrates easily with the existing IS
systems used in the organization (compatibility)

The wireless bed management system easily integrated into existing information systems
which was an advantage to its successful use. Lehmann, et al. (2008) adds, that such legacy
systems can often be a barrier to implementing new IT systems. Whereas the PEEK
application supported APIs to integrate with existing electronic eye equipment or populate
data to or from such systems this was not considered necessary as the populations for full
deployment were planned to be new eye examinations. Another strong point of agreement
here was the installation of the PEEK application on widely available OS such as android
and eventually others like iOS.

5.1.8

Adequate level of coverage is important for the successful
deployment of M-health solution.

Limited network connectivity such as issues with speed and signal strength was reported as a
problem in the studies (Holleran, 2003) leading to lower usage. However, respondents from
the Nakuru eye project survey considered connectivity less significant as the patient data
could upload automatically to the cloud once they got to an area of good coverage. This
could be attributed to the fact that most eye conditions did not require live feedback from
remotely located experts.

5.2

Intention to Use

5.2.1

I intend to continue using the M-health solution

Intention to adopt wireless PDA was driven by the direct client care benefits such as the
savings in time allowing more time to be dedicated to the patients and the access to quality
information to support clinical decisions and hence improved patient safety (Garrett and
Klein, 2008). However, junior doctors in Payne, et al. (2012) perceived as rude or misleading
the use of smartphones while working with patients or colleagues. On the contrary
respondents in the Nakuru eye project survey strongly felt they intend to continue using the
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PEEK application because their patients were much more comfortable using it than the
legacy eye equipment. In addition, the time taken to review the patients was significantly
reduced enabling more patients to be attended to during the field visits. Cost saving was
another drive for intention to continue use. A team of 15 people examining approximately
5000 patients in 100 different locations with a $150, 000 worth of equipment would improve
to 20 times the number of patients for the same time frame, at a much lower cost.

5.2.2

The M-health solution has received sufficient resources
(people, money) to facilitate its success

Mirza, et al. (2008) finds a widespread perception that the necessary technology is available
for the development of M-health solutions with a key barrier being the translation of correct
processes into suitable applications. Some of the key resources or drivers envisaged to
support this included web services based applications. Common standards across the health
sector facilitated by the ministry of health were also considered a key resource for the
compatibility of solutions deployment. In the study by Singh, et al. (2012) only a third of
respondents reported receiving time for alert management of approximately 4 hours per
week. In the Nakuru eye project, the respondents were looking forward to receiving more
smartphone devices installed with the PEEK application. However, the high cost of legacy
eye equipment and transportation of the bulky hardware for field studies would be gradually
eliminated with full deployment of the PEEK solution. Notwithstanding lower deployment
costs, sustainability of the project was being considered in terms of having a model in which
patients and donors have a platform through which they could pay for the services offered.
Besides, with the adoption of the PEEK solution, tests previously conducted by seven people
would only require one person to complete using the same device.

5.2.3

Without the support of one or two key individuals M-health
solution would not likely survive

In Jones (2003) study, doctors and nurses considered senior practitioners acting as superusers supporting colleagues learning the tablet PC usage highlighting an element of
teamwork in the work practice. In Singh, et al. (2012) only a third of the respondents utilized
the technical contacts to assist them with managing the alerts, a majority of the primary care
practitioners relied on their colleagues for assistance. In the Nakuru eye project, a structure
was envisioned in which regional project managers considered having a stronger background
provided the necessary support to community health workers in the grassroots.

5.2.4

I am willing to use M-health solution

In an online survey of medical students and junior doctors (Payne, et al., 2012) majority of
the students and doctors owned a smartphone with the most popular of these being iPhones.
Over 50% of the respondents had between 1 - 5 medical applications downloaded on their
smartphones with a few having over 10 applications. The respondents in the Nakuru eye
project reported positively on the patients’ comfort with the use of phones for their eye tests
given their familiarity with mobile phones.

5.3

User satisfaction
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5.3.1

M-health solution is effective

Attending staff replacing colleagues at the beginning of on-call duties found patient data
useful (Lapinsky, et al., 2001). PDA patient database improved their knowledge on patients’
previous medical problems thus aiding therapy review especially for long-term patients with
complex conditions. Higher user satisfaction reported on physicians’ use of wireless Palm
handhelds (Holleran, 2003) was also attributed to access of the EMR via a wireless network.

5.3.2

M-health solution is efficient

Medical residents did not feel that the patient management application improved their
efficiency as the process of entering patient data was found to be time consuming (Lapinsky,
et al., 2001). Alternative solutions evaluated in the study such as single key strokes for data
entry and pop-up lists for drugs were still not ideal for the ICU. Also, a large percentage of
medical residents categorized as light and moderate users using clinical reminder systems
(Zheng, et al., 2005) also felt that too much time is taken to review and respond to reminders
generated. However in the wireless bed management study, the bed managers' work became
more efficient with the reduction in time taken to allocate beds, faster patient information
hence discharges. The Nakuru eye project was pondering on models that can be used to give
incentives to community health workers to perform more tests as an additional role to their
existing roles.

5.3.3

M-health solution provides correct information

In a study on clinician perception on a clinical reminder system (Zheng, et al., 2005), one of
the negative feedbacks was that the reminders generated were irrelevant as the suggested
action had already been taken but not recorded. Again the main reason for this was about the
theme 'heavy and hard data entry duty'. Entering patient data was seen to take too much time
and effort. However in the wireless bed management study (Lehmann, et al., 2008) the bed
managers were able to receive concurrently accurate, fast, real-time, relevant and complete
information. The data on Nakuru eye project so far had shown a correlation of 92% from the
comparison tests against the legacy eye equipment with improvements done during the
course of the study.

5.3.4

The M-health solution supports high levels of mobility by
health workers enabling working from different locations

The bed managers in Lehmann, et al. (2008) could perform their duties from anywhere and
anytime giving them flexibility in doing their work. The possibility of accessing clinical data
on the wireless palm handhelds was also appreciated by physicians (Holleran, et al., 2003)
whenever they were traveling or at offsite clinics. These views were strongly supported in
the Nakuru eye project as the use of the PEEK application integrated with GPS-enabled the
respondents to individually visit the patients at their homes as opposed to gathering them at
specific locations. In the Kenyan context, mobility also faced other challenges such as
impassable roads, especially when transporting massive eye equipment, no electricity supply
or having doctors working in such remote locations.
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5.3.5

The information covered in M-health solution meets my
needs

On future app development, respondents in Payne, et al. (2012) were keen to state what they
would like to see developed. Medical students desired apps to integrate their timetables and
lecture notes to enhance their learning. The junior doctors were more concerned with clinical
information at the point of care systems (hospital specific guidelines on what to prescribe
and how to treat common conditions).

5.4

Use

5.4.1

I frequently use M-health solution in my day to day tasks

In the online survey of medical students and junior doctors (Payne, et al., 2012), both
populations showed similar trends of app usage of several times a day. In terms of daily
usage majority of students used the apps for between 1 - 30minutes while the doctors used
them for between 1 - 20minutes. Whereas the medical students used the apps mostly for
disease diagnosis and drug reference, the junior doctors favored the apps for the clinical
score and calculators.

5.4.2

Since its inception the number of people using the M-health
solution has consistently increased

Zheng, et al. (2005) using a development trajectory analysis identified three user adoption
types in a non-mandatory setting as light, moderate and heavy users. The light users were the
majority (41%) followed by the moderate users (37%). Once the ongoing longitudinal study
on the PEEK application is finalized the eye project would be rolled out to other remote parts
of Kenya such as Turkana. For a wider outreach, the project would utilize existing
community health workers. To achieve this, the eye project even within the study phase had
formed partnerships with the ministry of health and had ethical approval from AMREF.
They hoped to tap into the established network of community health workers.

5.4.3

Since its inception the number of tasks handled using Mhealth solution has consistently increased

Whereas the light users only used the clinical reminder system for 35% of their encounters,
the moderate users declined the usage of the system from a high of 70% to that of light users
(Zheng, et al., 2005). The heavy users increased their usage from 50% to 100%. In the
Nakuru eye project, the number eye tests performed by the PEEK application had increased
over the months from three tests to seven tests with a target of ten tests.

5.5

Perceived usefulness

5.5.1

Overall I find M-health solution very useful

The category of heavy users generally used all the system functionality as intended for all
patient functionality (Zheng, et al., 2005). They had integrated the reminders into their
practice hence did not find them to be disruptive to their patient encounters nor time
consuming.
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5.5.2

M-health solutions improve quality of decision-making

The use of M-health solutions to collect data in electronic formats was seen as an
advancement in 'increasing the utility of data and their value in both operational and strategic
decision making' (Mirza, et al., 2008). Within clinician care, routine data collection was
considered essential for early stages of chronic conditions management such as vital signs
monitoring and transmission of test results. This was strongly supported by the Nakuru eye
project as respondents without the knowledge level to make the appropriate decision could
be guided by the PEEK application thus safeguarding patients from misdiagnosis. During the
study respondents with no medical training were able to pick up complex retinal conditions
simply by comparing normal and abnormal tests results and highlighting these as escalations
to the remote experts.

5.5.3

The M-health solution gives me greater control

Whereas security risks in transmission were perceived to be outweighed by the benefits and
convenience of a mature M-health technology, privacy was considered a key concern (Mirza,
et al., 2008). Issues such as maintaining electronic health records over mobile devices
received mixed reactions from the respondents. Security measures on wireless Palm
handhelds were described in the study by Holleran, et al. (2003) such as system login,
application authorization, system timeout, application audition and encryption of confidential
patient data.

5.6
5.6.1

Summary of findings
Devices

The selected study outcomes revolve around the adoption and use of handheld-sized devices
such as the PC tablets, PDAs and smartphones at the point of care by healthcare
professionals. The table below highlights some of the functionalities of the devices used in
the selected studies. Pagers were previously popular amongst healthcare professional until
the advent of the PDA in the 90s. Mosa, et al. (2012) adds that the PDA introduced extra
functionalities such as calendar and contacts. Their successor the smartphone combined the
functionalities of the pager, PDA, and cell phone.

5.6.2

Work context

The typical hospital setup has units such as clinics, inpatient wards, outpatient services,
casualty services, operating theaters, laboratories and medical schools in the case of
university hospitals. The same healthcare professionals are required to support these multiple
units hence the need to be constantly mobile in undertaking their duties. These duties require
that they frequently consult with colleagues, receive handover from previous duty staff or
share information with others on the work undertaken. Mobility, communication, and
collaboration are therefore key concepts that must be supported in work context of a
healthcare system.

5.6.3

Technologies at the point of care
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These have included health information systems such as electronic medical record, clinical
decision support systems, picture archiving and communication systems and laboratory
information systems (Mosa, et al., 2012). Other technologies include clinical applications
such as drug databases, diagnosis applications, medical calculators, literature search, HIS
clients, medical training and clinical communication technologies such as video
conferencing and text messaging.

Healthcare
Study
professionals

Garrett and Klein
(2008)

Survey questionnaires and focus group
interviews with advanced practice nurses,
nurse practitioner students. Other health
professionals they networked with included
medical doctors.

Mirza, et al. (2008)

Semi-structured interviews with primary and
secondary care practitioners and community
health workers.

Holleran, et al.
(2003)

Physicians with varied roles including
residents, department heads, chief of staffs of
varied specialties and backgrounds

Singh, et al. (2012)

Primary care practitioners (academic and nonacademic physicians, nurse practitioners and
physician assistants)

Lapinsky, et al.
(2001)

ICU attending physicians, rotating medical
residents, respiratory therapists, pharmacists
and a nurse educator.

Jones (2003)

Semi-structured interviews were held before and
after system implementation with doctors,
nurses, and pharmacists.

Lehman, et al.
(2008)

Bed managers

Zheng, et al. (2005)

Medical residents of an urban teaching hospital
(physicians and clinic staff)

Payne, et al. (2012)

An online survey of medical students and
junior doctors.

Field study (2013)

Semi-structured interviews with an
ophthalmologist. Other roles interviewed
included visual field technicians, visual acuity,
anthropometry and fundus photography.

Table 12: Healthcare professionals in the study sample.
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Artefacts Study
Garrett and Klein
(2008)

Artifacts used in the research setting included PDAs,
drug, and diagnostic/laboratory reference
applications, wireless communication, and notes.

Mirza, et al. (2008)

M-health applications for telemonitoring of vital
signs, transmission of patient results to clinicians and
tests results to patients, for communicating with
members of the care team, accessing clinical
information; electronic health records; mobile
phones

Holleran, et al.
(2003)

Web-clipping application, Palm V I I, wireless
connectivity, Health information systems, Electronic
medical records such as patient laboratory results,
radiology and transcribed reports, Partners phone
directories containing telephone numbers and emails
of all staff members

Singh, et al. (2012)

Electronic health records, View alert notification
system

Lapinsky, et al.
(2001)

Palm I I I series handheld device installed with
medical reference information, hospital and ICUspecific guidelines, customized template for entering
patient data, schedules and contact numbers, touch
sensitive screen for data input either using stylus or
tapping an on-screen keyboard, infrared data
association port enabling transmission with
compatible devices such as cell phones and laptops.

Jones (2003)

Tablet PCs, electronic drug charts, wireless LAN

Lehman, et al.
(2008)

Tablet PC based wireless bed management system,
wireless standalone information system, central
patient management system

Zheng, et al. (2005)

Clinical reminder system for chronic disease and
preventive care management (the application
integrates the hospital’s administrative laboratory and
clinical records system into a single database).

Payne, et al. (2012)

Smartphones and medical related apps

Field study (2013)

Portable eye examination kit, a smartphone based
application for an eye examination.

Table 13: Artifacts in the study sample.
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Tasks Study


Ability to store and retrieve integrated clinical data



Perform complex data searches on drug and
disease references



Access and synchronize data and communicate
wirelessly



Support the diagnostic and prescribing activities
with improved consultation with specialist
knowledge e.g. the multimedia capabilities



Education of the population and awareness of
lifestyle options



Monitoring of patients and diagnosis delivery



Management of patients with chronic illnesses

Holleran, et al.
(2003)



Real time access to lab results were the most
favored patient results followed by radiology
reports and discharge summaries.

Singh, et al. (2012)



Notifying patients of tests results either through
generated letters or automated voice messaging
system



Reviewing the clinical content of alerts received in
the alert notification system and following up on
them or reassigning responsibility for follow-up.



Use of alert management options for efficient use
of alert management system such as sorting,
setting priority, filtering, and handover.



Interpreting test results within the context of the
patients’ other clinical conditions



Patient data entered by residents either during
morning rounds or when patients were admitted to
ICU



Critical care decision making with a large number
of information variables



Critical care drug dosing reference, ventilator
weaning protocol and electrolyte correction
application were regularly used by medical
residents

Garrett and Klein
(2008)

Mirza, et al. (2008)

Lapinsky, et al.
(2001)
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Jones (2003)

Lehman, et al.
(2008)

Zheng, et al. (2005)

Payne, et al. (2012)

Field study, 2013



Doctors used the tablets to review medication
during the ward rounds



Junior doctors used the tablets for electronic
prescribing



Nurses used the tablets for medicines
administration



Bed manager could use the Tablet PC based
wireless bed management system to wirelessly
retrieve, send and update data on patients



Other roles of bed managers include allocating bed
occupancy levels, administrative and data
collection tasks to preparing staff resources and
surgery wards



Patient data essential to specific guidelines were
collected and entered into the system by
physicians and clinical staff during encounter



The CSR was also used to support appointment
scheduling, patient check-in, recording of vital
signs, browsing patient information, generating
physician directed reminders and check-out.



On-screen reminders include tests scheduled,
abnormal results review or vaccinations or followup on patients



Medical students used the smartphones medical
apps mainly for educational purposes (revision and
learning) and to a lesser extent for clinical
purposes (ward and clinic environment)



Doctors appeared to be using apps mainly for
quick references (disease diagnosis/management
and drug reference) compared to students who
used them for longer durations. The study hence
concluded that apps which allow mobile rapid
decision making are going to be more popular.



A range of ophthalmic diagnostic tests including
visual acuity, visual field testing, color vision
testing, contrast sensitivity testing, lens imaging
for cataract, retinal imaging and image grading.



Patient record with geo-tagging.

Table 14: Tasks summary from the study sample.
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Work
locations

Study
Garrett and Klein
(2008)

The nurses were able to work from different
locations including patient rooms/ bedside,
their offices, when traveling, from home, or
from the back of ambulances.

Mirza, et al. (2008)

Remote/rural communities, healthcare centers

Holleran, et al.
(2003)

Majority of participants used the handheld off
campus (traveling, off-site clinics).

Singh, et al. (2012)

Office, away from the office (remote access of
the EHR from home),

Lapinsky, et al.
(2001)

Academic intensive care unit

Jones (2003)

Hospital ward

Lehman, et al.
(2008)

Duties by the bed managers could be
performed anywhere and anytime within the
hospital

Zheng, et al. (2005)

An ambulatory care clinic

Payne, et al. (2012)

For students revising for exams could be done
anywhere, anytime while the doctors want to
use the apps at the point of care.

Field study (2013)

Remote rural locations with the current focus
being Nakuru county in Kenya.

Table 15: Work locations from the study sample.

Perceptions Study
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Garrett and Klein
(2008)

Mirza, et al. (2008)



Data entry – nurses reported that they
preferred selectable drop down menu as
opposed to input text which they
considered time-consuming



Ease of access to integrated data from
different sources such as clinical reference,
consultations with colleagues was
considered a great advantage for clinical
decision support



Ease of use was positively perceived in the
portability, size and wireless connectivity
of the PDAs as an enabler of work on the
go



Intention to continue use was driven by the
direct client benefits such as timely and
quality patient attention hence improved
patient safety.



Small screen, and keyboard sizes were
perceived by doctors as a constraint to
significant amount of free field data entry



Health providers agreed on the need for
training address complexities in M-health
technology



Seamless use of technologies at the
different stages of information sharing
chains was seen as a key requirement in
holistic chronic care



There was a widespread perception that
effective use of M-health applications
could be driven by translating the correct
processes into suitable applications



The utility of data was perceived to
increase in value for operational and
strategic decision-making when collected
in electronic format especially at the early
stages of chronic conditions management



Privacy was still perceived as a bigger
concern than security risks in transmission
against a background of the benefits of a
mature M-health technology
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Holleran, et al.
(2003)

Singh, et al. (2012)

Lapinsky, et al.
(2001)



Difficulty in reading the data due to the
small form factor and font size



Low usage of the wireless application was
largely attributed slow data speeds and
signal strength



Possibility of accessing in real-time clinical
data anytime/anywhere was perceived as
extremely useful



Ability to easily retrieve and readily access
critical test results data as an absolute
requirement for safe and efficient care was
endorsed by a large majority of
respondents. However, only a third of the
respondents had remote access to electronic
medical health records.



The respondents also appreciated
functionalities addressing alert related
information overload including the display,
sort and visualization by certain criteria
though more than half did not find them
easy to use. The majority of respondents
relied on their colleagues for assistance
instead of the technical contacts.



Most of the respondents also agreed with
the strategies to improve electronic handoffs such as re-assignment of
responsibilities and tracking and more than
a half of the respondents were able to use
this functionality.



Users found PDAs a convenient pocket size
advantageous for portability



Screen size though clear and easy to read
not convenient for long documents and
large tables



Medical residents were unaware of critical
information located on separate software
programs on the device due to inadequate
training



Medical residents reported as difficult and
time-consuming updating of patient data
during busy sessions



Patient data such as current diagnosis,
procedures performed, therapy were found
highly useful in aiding therapy review at
the start of on-call duties
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Jones (2003)

Lehman, et al.
(2008)

Zheng, et al.
(2005)



Problems or limitations with the tablets
were attributed to small screen size, battery
problems and high numbers of units being
damaged due to dropping



The tablets PC were perceived to make
access to information easier however their
limited impact was attributed to absence of
functionality to access patient data (e.g.
EMR, HIS)



An element of collective use was suggested
in the interview response that onsite
support was provided by senior nurses
acting as super users and assisting the
doctors as they learned the system



Bed managers realized flexibility with the
portable Tablet PCs with its usability
success also attributed to interface layout,
navigation, and color-coding screen.



In terms of information quality, the bed
managers had in real time the relevant,
accurate and complete information making
their job more effective and easier.



Medical residents solicited for one single
integrated system performing all encounter
related tasks. A comprehensive EMR was
lacking creating ambiguity in the search for
and recording of relevant clinical data. The
initial perception of the reminder system as
an add-on to the traditional workflow was
challenged.



Lack of specific guidance to the order of
data management/workflow was also raised
as a concern.



The perception of heavy and hard data
entry duty recurred in this study. It had a
negative impact resulting in irrelevant
reminders where the action was already
taken but no update done.



Remote access to patient data and
redirection of reminders to mobile devices
was considered as part of the platform
transition (re-engineering).
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Payne, et al. (2012)



Majority of the students (96%) and 74.8%
of the junior doctors were willing to access
an app specific to their medical
school/hospital respectively.



Students’ desired future apps to integrate
their timetables and lecture objectives
while the doctors were concerned about
accessing clinical information at the point
of care (e.g. clinical guidelines and
management recommendation for common
conditions).



A smartphone hospital integrated app
allowing doctors to access both inpatient
records and lab results was given as an
example receiving a positive response from
doctors.
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Field study, 2013



Majority of the respondents strongly
agreed the PEEK application was easy to
use due to its portability and small size of
smartphones. They also found it easy to
learn.



Respondents also perceived a natural
workflow in the PEEK application mainly
attributed to the guidance functionality.



Integration of existing systems was not
strongly perceived by the respondents
given the number of tests on the PEEK
application. However those technical
enough appreciated the android OS and
APIs capable of integrating to other digital
devices.



Connectivity also received little
significance given the tests did not require
real-time responses from remote experts.



Intention to continue use was strongly
perceived based on factors such as positive
patient response, faster reviews, and lower
cost.



Comparative to legacy eye equipment,
PEEK application required much fewer
people resource. The resource requirement
was more perceived in terms of long-term
sustainability especially after upscaling of
the solution.



Even though the respondents perceived the
solution as very efficient, other incentives
were still considered necessary to motivate
community health workers to increase the
number of tests done alongside other tasks.



PEEK application was perceived to
improve the quality of decision making
guiding users to identify complex
conditions.

Table 16: Perceptions of the sampled studies.
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6

DISCUSSION

6.1

Framework

Findings from the selected studies highlight the typical characteristics of healthcare settings.
They involve various roles and stakeholders performing safety critical tasks. Healthcare
professionals as key players are required to utilize various combinations of data from
different sources to accomplish their often delicate tasks. Technology in the form of health
information systems has been implemented in a majority of healthcare settings as a tool that
supports the various work practices. However with the tremendous growth in mobile
technology, the health sector is not left behind in integrating its existing systems to mobile
devices which enable access to medical resources and support to patients from anywhere and
anytime. The studies offer an opportunity to review the various artifacts that have been used
in the selected research settings and their development over the last decade. The design of
these healthcare systems supporting mobility work when informed by the context of work
brings into perspective the users perception.
Various frameworks have been employed in attempts to understand the context of use and
the users as a critical input to successful design. Within HCI traditions, Doherty (2010)
distinguishes these frameworks as either generic (such as contextual design methodology and
cognitive work analysis) oriented towards domains or emerging analytical concepts and
frameworks from previous healthcare work. Some of the underlying theories for these
frameworks include distributed cognition and activity theory. The choice of the framework
in fieldwork data analysis has an influence on the design requirements generated (Doherty,
2010).
Doherty (2010) explains that many designers are not necessarily interested in the
ethnography but getting access and insight from the 'real world' (context of use) experience.
This study while focusing on perceptions of health workers on M-health solutions seeks to
utilize previous frameworks for healthcare settings to analyze the findings from the selected
studies. The exploitation of previous field studies e.g. in the mobile healthcare domain can
provide benefits where large-scale fieldwork investigations are not justified (Doherty, 2010).
However rather than just commentate on the perceptions summarized from various studies
this analysis aims to solicit some requirements that can be useful in the design of future Mhealth solutions. Following the general notion that ICT only materializes if users, usability,
and dependability are central to the process of design (Randall and Rouncefield, 2007) we
attempt to link the perceptions derived from the selected studies to potential requirements for
future design using concepts grounded on exemplar ethnographic studies.

6.2

Mobility work

Bardram and Bossen (2005) describe mobility work as focusing on the spatial aspect of
collaborative work. This concept they posit supplements the concept of articulation work
which focuses on the temporal aspects of cooperative work. Whereas the temporal aspects
emphasize on the ongoing efforts to accomplish tasks and the interaction required to do so,
the spatial aspect zooms on the span of space (not abstract)/resources required for these tasks
to be accomplished. The basis of their argument is that mobility work arises from the need to
access people, places, resources and/or knowledge. Our focus in this section of the analysis
of the findings is how the M-health solutions in the selected studies provide the 'right
configurations' for these four aspects of mobility work in the smooth accomplishment of
diagnosis and treatment. With all the constant and at times hectic movement required for
patients, medical personnel or health records required in healthcare settings, mobile
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technology provides a necessary intervention to support these aspects of mobility. Attention
is also drawn to the realization that these interventions introduce new problems which
require analysis. Like in many other work settings, mobility is also critical in CSCW design
for healthcare settings to support the collaboration of healthcare professionals through shared
resources, communication and shared awareness.

6.2.1

Resources

A variety of shared resources have been highlighted as artifacts in the selected studies. The
notable artifacts in the studies include PDAs, wireless connectivity, smartphones and health
information systems majority of which were stationary equipment, tablet PCs, alert
notification systems and other medical related apps. Unlike in traditional healthcare settings
where resources such as medical files were physically moved around or accessed from some
static locations (Bardram and Bossen, 2005), M-health solutions posed new challenges on
remote sharing, updates, status and availability of resources. The healthcare professionals
were happy when they were able to access and utilize these resources from their different
work locations due to advantages such as the sizes of devices and support for wireless
connectivity. However, some challenges were also noted such as the inconvenience of
reading large images or long documents on small screens and slow data speeds or low signal
strengths which would negatively impact the use of the mobile devices from anywhere at any
time.

6.2.2

Knowledge

Bardram and Bossen (2005) describe the dimensions of knowledge as either distributable
and/or authentic with examples such as treatment and care building construction. In the
studies
knowledge
artifacts
included
the
electronic
medical
records,
drug/diagnostic/laboratory references available online and hospital specific guidelines.
Active expert knowledge was also available through consultation with other medical
specialists in the treatment of patients or through knowledge transfer sessions such as
conferences. Awareness information on other healthcare professionals such as availability,
contact information, handovers and medical related schedules could be considered a third
category of knowledge. One of the key requirements noted across the perceptions is the
advantage of the mobile devices in integrating data from different sources. However some of
the challenges noted were the lack of awareness on which critical information was also
available on the device and hence failure to utilize these, information overload and lack of
user-friendly functionalities to present most critical data for the task at hand nor workflows
to reassign between different responsible people or available staff. Another critical
component in this aspect of mobility was the capturing of this knowledge.

6.2.3

Persons

There were many different healthcare professionals with different experience and roles
involved in the selected studies. Interactions between the medics ranged from consultation of
specialists to handovers during shift transfers or collaboration during different medical
procedures or normal treatment/learning routines. Electronic support for awareness and
context information of the actors was, therefore, critical for any successful interactions.
Common characteristics of the persons involved included the need to be at different locations
and still be able to undertake their work practice as required of them. Some aspects of
'remote mobility' were highlighted in cases where some healthcare practitioners are attending
conferences, or traveling or at community points of care. Within the healthcare settings,
attention was also to be paid to 'local mobility' such as the ward rounds that had to be
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undertaken by nurses and physicians during their shifts. Majority appreciated the mobile
technology in use as providing an efficient way of doing their work. They were also
generally concerned about giving their patients the best quality and timely care while
utilizing recommended guidelines available.

6.2.4

Places

Different work locations have been captured in the selected studies. Patient rooms/bedsides,
offices, intensive care units, laboratories and hospital wards were some of the locations
special because of the work undertaken there or because of their intrinsic qualities. Remote
locations away from the hospitals included homes, offsite clinics or primary points of care,
back of ambulances and other travel locations. Some of the locations are fixed for instance
patient rooms and other areas of the hospitals such as the Intensive Care Unit. All required
resources, knowledge and people had to be converged at these locations in order to deliver
healthcare to the patients. However other locations were not static such as the back of an
ambulance or an off-site clinic or a community point of care. Clinical decision support was
equally required for these dynamic locations. Awareness of location status/dependencies was
important in order to provide contextual support.

6.2.5

Challenges and possible solutions

Some of the prototypical requirements raised by Bardram and Bossen (2005) included
support for mobile information access, context-aware information access, support for
knowledge sharing, support for locating of resources or people and synchronizing data to and
from mobile devices. In the studies we find the following challenges and possible solutions:
i.

ii.

iii.

iv.

Mobile devices such as most smartphones have a small screen which may not be
convenient for reading large images or long documents. A possible solution is to
have a standard minimum size and screen resolution for devices used as M-health
solutions. Modern devices already have touch screen functionality with swipe and
pinch to zoom functionality which improves viewing images or documents. The use
of widely available devices and popular OS such as android and iOS to install Mhealth applications increases their usability. In a related contribution to design for
collaborative work by Larsen and Bardram (2008) familiar form factor was
attributed to easy to use functions such as the web-based applications and the ease of
establishing video calls on ordinary mobile phones.
Slow data speeds or signal strengths can be a potential problem from certain
locations. In such scenarios the devices used as M-health solutions should indicate
low network quality of service as an awareness status for other users or integrated
devices sharing information to it. Awareness status of busy can be used to indicate
when a particular user is not available due to say an ongoing medical procedure or
off duty. Automatic resumption of synchronization or upload of data should be
supported in areas of good coverage.
Authenticity or quality of the data presented by the mobile device is critical for
clinical decision support. Interference with transmission or low-quality images can
be misleading to the users of M-health solutions. Detections and alerts should be
inbuilt into the devices to warn the users of errors related to transmission, cyberattacks or network congestion.
Modern knowledge sharing resources such as cloud solutions, online communities
and wikis should be incorporated in the integration design for M-health solutions.
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6.3

Common information space

This concept was used by Reddy, et al. (2001) to analyze cooperative work in an intensive
ward unit which was based on a shared information repository. Different work practices or
workgroups can have different representations of the same underlying data, a key factor for
the successful coordination of their tasks. This ensures flexibility and adaptability in the use
of space for different workgroups with different horizons of meaning and relevance (Tang
and Carpendale, 2007). Just like in the manual relaying of information where paper-based
artifacts were used, electronically shared information spaces should also achieve shared
understanding and common knowledge amongst collaborating teams.

6.3.1

Information and representation

This concept is best captured in the need to have only the relevant information presented or
availed at the point of care. Whereas mobile devices should be integrated with different data
sources, only part of that information is required for the particular chain of patient
management. The information need varies with users and purpose but not necessarily the
location of the users. Awareness of the different workgroups and practices is key to tailoring
the captured and shared information views. Having irrelevant data will obviously slow down
the review process due to lengthy searches. For instance in the midst of so many medical
apps available on smartphones, healthcare practitioners seek policies or guidance on which
ones should be utilized in their work. Further customization is sought in having apps
specifically designed for their institutions.

6.3.2

Prospective and retrospective information

There was an element of retrospective information for the healthcare professionals beginning
their shifts who were interested in all the patient data captured before their shifts
(information assembly). In other instances, some medical staff required performance
feedback based on how they managed the automated clinical reminders that were assigned to
them. This could be considered as prospective information on the automated alert systems.

6.3.3
i.

ii.

Challenges and possible solutions
Lack of awareness of the information available on the device either due to
information overload or ignorance. This can be resolved through user-friendly
workflows which categorize and present the most critical data more prominently.
Different criteria can be used to classify the critical data such as tasks assigned to the
particular user, data from high priority sources such intensive care unit, patient
activity status etc. The search functionality should also be integrated with the
different data sources with the capability to list close matches of requested data.
Different access profiles mapped to developed views can be used to present the
relevant data for the task at hand.
During busy sessions, there is difficulty in capturing data leading to a breakdown in
communication between workgroups especially when the data should be propagated
to other representations of the shared information repositories. Consistent data fields,
terminologies, and standard interfaces should be used across different sets of Mhealth devices to support ease of data entry or access. In the studies, the use of drop
down selectable menu and shortcuts were preferred to free text input fields.
Safeguard mechanism identifying the possible breakdown in data synchronization
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iii.

6.4

and addressing them should be used to ensure consistency in the distributed data
repositories.
Alerts generated from electronic health records are good examples of prospective
information requiring action on the part of healthcare professionals. Considering that
these are generated at different times across the patient trajectory, remote access to
these alerts provides the opportunity for timely action or handover/ re-assignment of
responsibility. Generating these alerts on the mobile devices is an efficient
alternative to the manual transposition of information types from common
information spaces to personal information spaces .e.g. during shift changes (Tang
and Carpendale, 2007). In busy healthcare settings alert management systems
installed on M-health solutions should support such user-friendly functionalities
such as color coding of the alerts in terms of criticality, sorting as suggested by the
feedback from the studies, filtering and status visibility. In the concept of activitybased computing, activity discovery was perceived as necessary through separate
windows for high priority alerts or through color coding of critical alerts.

Temporality

Collaborative work generally involves the distribution of activities undertaken in different
dimensions of time and space. The coordination of work across distributed teams is
characterized by the scheduling of activities, computer-mediated communication, and virtual
organizations. Reddy, et al. (2006) posits that whereas space can be bridged using
telecommunication technologies, time proceeds at a fixed rate. The social concept of time is
considered critical when evaluating the temporal distribution of work given that 'our
experience of time reflects cultural and social patterns' (Reddy, et al., 2006). Basing upon
ethnographic fieldwork, they aimed to present a framework for understanding the temporal
experience of collective action. Their focus was on information seeking, management and
providing of information in the temporal organization of activities. However, Reddy, et al.
(2006) pays attention to the recent orientation of information seeking embedded in
collaboration activities. This conventional view replaces the tradition view of information
sources seen as 'given, well defined and stable' with information created through interaction.
Basing their definition of temporality as the experience of time and the temporal
organization of activities around us, Reddy, et al. (2006) settles for the practice based
perspective of examining interactions with temporal features during collaborative activities.
In their fieldwork in a surgical intensive care unit, they center on three temporal features i.e.
trajectories, rhythms, and horizons. Whereas trajectories focus on individual patients and
activities related to that patient over a period of time, rhythms relate to activities related to
taking care of multiple patients. Finally, horizons relate to individual response in daily work
to temporal trajectories and temporal rhythms.

6.4.1

Temporal rhythms

In the feedback data, we find highlights of this in repeated patterns in the treatment of
multiple patients. For instance, we find information seeking activities in the use of PDAs for
consultations amongst medical colleagues who are spatially distributed. From these
consultations, conventional patterns of treatment and recovery across many patients is shared
via the use of mobile devices thus improving the quality of treatment. Consultations thus
draw attention to another central aspect of successful collaboration, namely the competence
of the people involved. Larsen and Bardram (2008) introduce competence articulation as part
of 'the more relational and subjective side of collaboration'. In their study, the tele Medical
setup enabled a learning and development process thereby improving the individual skills of
the medical teams and the treatment of patients.
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Information sharing also highlighted in the recurring pattern in patient care include the shift
handovers in which majority of primary care practitioners using alerts were able to reassign
them while away from the office or to track who was responsible; the wireless bed manager
which were useful for bed managers to access, update patient data making tasks such as bed
allocation, discharges to be undertaken more efficiently.

6.4.2

Temporal trajectories

These focus on a sequence over time of work activities for a given patient. Some of the
highlights here include the seamless use of information technology at the different stages of
information sharing in the context of patient treatment and administration. Doherty, et al.
(2010) considers physicians to be mainly interested in retrospective information while nurses
are interested in prospective information. The clinical reminder system (Zheng, et al., 2005),
when integrated with different data sources, can be used for all patient encounters with
physicians able to retrieve patient history for clinical decision support while nurses using the
same tools for drug administration reminders for a specific patient. User satisfaction is
improved when all these patient information is accessible via mobile devices. In emergency
scenarios, the attention required by a patient may require collaboration by more than one
medical specialist hence the technology in use should provide the space and environment for
all actors.

6.4.3

Temporal horizons

This can be characterized by the primary care practitioners’ majority of who were not able to
remotely access and manage their alerts and, therefore, had to work late or come in to work
over the weekends. The mobile devices were also useful for those who wanted to handover
their alerts while away from the office.

6.4.4
i.

ii.

iii.

Challenges and possible solutions
Conventional patterns in patient treatment when shared across different medical
specialists are a critical resource especially for novices who evolve in collaboration
to be experts. Using M-health solutions expert consultation is readily available
irrespective of the location of the engaging parties. Such information can also be
uploaded online in reliable websites or provided as institutional guidelines .e.g. for
handling certain medical procedures. These devices, therefore, provide opportunities
supporting temporal horizons amongst the specialists and temporal rhythms across
multiple patients across different institutions or even regions.
Within the healthcare setting of an institution various patients can be classified so as
to be given specialized attention. Activities in the temporal trajectory of patients
place them at different stages with varying attention from the available healthcare
professionals. Enhancements to electronic medical records are necessary to enable
access, reviews and updates on such data from remote M-health devices in real time.
Synchronization from remote mobile devices to the centralized electronic medical
records enabled the offsite staff to maintain context while roaming. Recent network
infrastructure such as 3G and strong signal strength is required to support enhanced
data rates.
An interesting find from the Nakuru study is the use of the PEEK application to tag
patient location names and plotting of the patient data using google maps. Devices
used for M-health solution should be GPS enabled to capture this information
accurately. Across multiple patients, such data then become useful to present the
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6.5

concentration of certain diseases in different geographical regions. Availing such
data to various medical institutions such as the World Health Organization can
ensure focused strategies to provide remedies such as preventive campaigns, medical
experts, and drugs.
A natural workflow in the PEEK application was perceived as one which guides
users on the next tests required. The resulting patient treatment trajectory ensures
only deserving cases progress to subsequent steps of treatment. The workflow also
guarantees ease of use reducing the time required for training healthcare
professionals. Tests previously conducted by more than one equipment when
migrated to one device also reduce the number of healthcare professionals required.

Cognitive and Coordinative artifacts

This concept focuses on coordination activities and artifacts used to mediate this
coordination (Doherty, et al., 2010). In healthcare settings, cognitive work is the technical
work (coordination activities) required to support the clinical work. Cognitive artifacts
supporting such technical work are considered useful in representing the most critical
information for the particular work setting. Nemeth and Cook (2004) posit that by studying
the development and use of cognitive artifacts we are able to study individual and team
cognition. In distributed cognition the technical work undertaken should yield a shared
awareness of goals, plans, and details by various practitioners. Observational studies provide
an opportunity to discover artifacts created and used to plan and coordinate activities in a
work setting. The study of such physical artifacts and revelations of what information is most
important and how it is captured and used inform ways that digital artifacts might better
support temporal reasoning.

6.5.1
i.

ii.

Challenges and possible solutions
Striking a balance between the portable size of devices and the convenient screen
size was a fundamental feedback in the studies. The recent trend of using tablets
such as iPads as M-health devices appears to address this concern as they match both
requirements. Coupled with the capability to store various medical applications, such
devices are proving popular with the medical fraternity to the extent that applications
are getting institutionalized so that data integrated from different sources can be
accessed from a single application. Data search across various apps is therefore
avoided. These devices are also capable of utilizing different network infrastructure
and connectivity can be maintained to sustain online status whenever required.
Clinical reminder systems, calendars, timetables used by medical students and
various degrees of alerts are some of the cognitive artifacts highlighted in the
studies. They should be integrated with the M-health devices with support for realtime synchronization and updates. Customizable templates for data entry are a useful
tool for generating summaries of patient information, especially during busy
sessions. However such structured forms referred in some studies as inflexible views
have evolved parallel documentation or transitional artifacts (Tang and Carpendale,
2008). To ensure efficiency in data entry, templates must be aligned to actual
clinical workflows to benefit primary delivery of healthcare. Accompanied by
relevant images or other vital test results automatically obtained from integrated
medical devices, the healthcare professional minimizes manual and inaccurate
updates to the electronic medical records. Instances of such records should also be
available locally on the mobile devices as at when needed. Location awareness
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6.6

necessary in considering the availability of other practitioners is an enhancement
available for digital artifacts when M-health devices are used.
One example artifact enabling coordination of activities that required improvement
from the user perception was the lack of guidance on the order of data entry. The
clinical reminder system used at different stages of clinical care required a userfriendly distributed workflow for data entry that can be monitored by the various
actors. Artifacts such as patient summaries, previous comments, scans, physiological
parameters updated at the different stages of the workflow should be readily
available e.g. during review discussions.

Use Case – M-health solution for eye tests

Figure 5: M-health solution for eye tests.
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7

CONCLUSION

7.1

Summary of thesis contribution

The overall objective of this thesis was to use the perception of healthcare professionals to
inform the design of M-health solutions. This was achieved by focusing on the context of
healthcare settings, the primary users of M-health solutions and understanding how they
have operationalized the technology to transform their work practice.
The overall research effort has followed the logic of 1) developing an integrated model based
on existing theoretical IS models useful for investing user perceptions, (2) questionnaire
design based on the model's constructs, (3) data collection based on field study and literature
review, (4) analysis based on the qualitative empirical data.
The main results of the thesis can be categorized as either design or theoretical contributions.

7.1.1

Design

Four concepts namely, mobility work, common information space, temporality, and
cognitive and coordinative artifacts were used to analyze the findings from both the literature
review and the field studies. Using these concepts the analysis was able to focus on new
challenges experienced in healthcare settings that can be addressed by M-health solutions
with the following design considerations:
1.

Device size

Standard minimum size and screen resolution, use of
widely available devices and operating systems such as
smartphones and android OS.

2.

Awareness information

Network connectivity status, user status, location
information and data synchronization status should be
supported to enhance access, reviews and updates on
remote electronic health records.

3. Authentic and quality of
data

Error detection and alerts related to network
congestion, data transmission, and cyber-attacks
should be inbuilt into the device.

4. Online knowledge
sharing resources

Cloud storage, online communities enabling expert
consultation and intranets / wikis containing
institutional guidelines should be integrated and
accessible from a single application.

5.

User-friendly workflows

Aligned to institutional processes, user guidance based
on detected / historical patient condition.

6.

Ease of data entry

Consistent data fields, shortcuts, customizable
templates with drop down selectable menus,
automated recording and upload of vital test results
should be supported.

7.

Alert management

Priority or critical data should be prominently
presented, remote access to the alerts should be
supported, and handover / re-assignment of
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responsibility should be supported.
Table 17: Proposed design considerations.

7.1.2

Theoretical contributions

In contributing to IS research, the thesis has developed an integrated model of TAM and
D&M model IS success model. The constructs of the model included system quality, service
quality, perceived usefulness, intention to use/use and user/interface satisfaction. The
measures generated from these constructs have been used to develop a questionnaire also
used for the field study. This questionnaire instrument having been grounded on a strong
theoretical background and tested in previous ethnographic studies is a useful tool for future
field studies in mobile healthcare settings. The proposed model is illustrated in Figure 6
below. In this proposed model perceived usefulness is used as a mediating construct for the
external variables system quality and service quality. Perceived usefulness is the strongest
measure of net benefits at the individual level (Petter, DeLone, and McLean, 2008).
Perceived ease of use is not considered as a mediating construct but as a component of
system quality. In addition information, quality is not evaluated as a separate construct as it
is measured as a component of user satisfaction.
H1

System quality

Perceived usefulness

H3
H5

Intention to
use

H2

Service quality

H4

H6

Interface
satisfaction

Use

H7

Use
satisfaction

Figure 6: An integrated model proposed from the thesis work.

7.2

Further research

7.2.1

Limitations of the study

i.

ii.

The model adopted for the study requires validation based on a strong study sample
in a mobile healthcare setting to confirm its effectiveness. This was part of the
objectives of the field study. However, this was not concluded given small sample
used in the study.
The concepts used for the analysis have previously been used in non-mobile
healthcare settings. Notably, this study adopted them to suit the objective of the
analysis mainly to link user perceptions to design requirements. However, a more
focused review of the frameworks is suggested to further develop the same for the
evolving mobile healthcare settings.
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7.2.2
i.

ii.

iii.

7.3

Further research on the design suggestions
The device size when designing for M-health should be considered along other
dimensions such as ease of access to relevant information for the particular situation.
There is a need for further work in supporting access to the right information and
resources, at the right time and at the right place as opposed to any information,
anytime and anywhere (Bardram and Bossen, 2005). This will address highlighted
issues such as information overload by providing ease of access to information
relevant to the users’ current work context. In terms of resources, awareness
information should be extended to developing interfaces that detect and connect
relevant tools required for healthcare work context. The ongoing development of the
internet of things is of great interest to future M-heath.
Further work is also necessary for extending authentic and quality data to support the
‘whole spectrum of chronic care ranging from public information access and
awareness, through monitoring and treatment of chronic disease, to support for
healthcare workers’ (Mirza, et al., 2008). This implies investigating the nature of
integration required to potential data capture and monitoring centers (of both
network and data content), other stakeholder systems and the privacy mechanisms
that should be adopted for such massive and sensitive traffic.
Whereas user-friendly workflows are identified in this study to support user
guidance based on integrated data there is a need for further work in automating such
workflows to minimize human intervention. This should be explored beyond the
patient trajectory to the multiple and complex settings of health work.

Final Comments

To give the findings, a strong theoretical background various frameworks have been
reviewed and operationalized at the different stages of the thesis. The integrated model
proposed by the study (Figure 6) utilized constructs that were considered significant in
assessing perceptions in the use of M-health solutions. Whereas no single study can confirm
this significance, the questionnaire developed was a good starting point given the quality of
feedback generated from the field study and literature review. However further validation of
the model using significant research samples in terms of quantitative data is strongly
suggested. The design output from the study, when applied in developing upcoming Mhealth solutions, is expected to guarantee enhanced job performance by healthcare
professionals, motivation to continue using the solution and overall satisfaction with the
solution.
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APPENDIX

9.1

Appendix 1

9.1.1

System quality (Lehmann, et al., 2008; Chatterjee, et al., 2009)

i.
ii.
iii.
iv.
v.
vi.

ix.
x.

M-health solution is very easy to use
M-health solution is easy to learn
I find it easy to get M-health solution to do what I want it to do
It is easy for me become skillful at using M-health solution
M-health solution provides adequate functions for doing the related job function
Interface layout, navigation and color coding screen contribute to the successful
usability of M-health solution
M-health solution integrates easily to the existing IS systems used in the
organization (compatibility)
Adequate level of coverage is important for the successful deployment of M-health
solution.
The M-health solution system is able integrate data from different sources
M-health solution has the necessary tools that supports decision making

9.1.2

Intention to Use (Dagger, et al., 2007; Pai and Huang, 2011; Halawi, et al.,

vii.
viii.

2007)
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

9.1.3

I would highly recommend M-health solution to other health workers
I have said positive things about M-health solution to other colleagues
I intend to continue using M-health solution
I am willing to use M-health solution
I am glad to learn new M-health solution system
M-health solution has received sufficient resources (people, money) to facilitate its
success
Without the support of one or two key individuals M-health solution would not
likely survive
My functions have enjoyed benefits in terms of efficiencies or financial returns from
the use of M-health solution
Our section has enjoyed benefits in terms of efficiencies or financial returns from the
use of M-health solution.

Service quality (Halawi, et al., 2007; Pai and Huang, 2011; Chatterjee, et al.,
2009)

i.
ii.
iii.
iv.
v.
vi.

Service level agreements with technical teams supporting M-health solution is
adhered to
The technical support teams show sincere interest in supporting users with their
problems on M-health solution
The technical support team have the knowledge to do their job well
The technical support team give users individual attention
The technical support team have operating hours convenient to all their users
When I am facing difficulty, service people from M-health solution support center
can help me solve the problems.
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vii.
viii.

ix.
9.1.4

Service people from M-health solution support center have good service attitudes.
M-health solution can be depended upon to support tasks without problems or
breakdowns
Commercial hardware and software support exist for M-health solution

User satisfaction (Halawi, et. al., 2007; Pai and Huang, 2011; Chatterjee et
al., 2009)

i.
ii.
iii.
iv.
v.
vi.
vii.
viii.

9.1.5

M-health solution is very effective
M-health solution is very efficient
Overall I am satisfied with M-health solution system
The information covered in M-health solution meets my needs
M-health solution can provide correct information
M-health solution provides access to centralized electronic medical records using
mobile devices
M-health solution offers multiple channels of communication
M-health solution supports the high levels of mobility by health workers enabling
working from different locations

Perceived Usefulness (Pai and Huang, 2011; Devaraj et al., 2002)

i.
ii.
iii.
iv.
v.

M-health solution can improve my professional skills.
M-health solution can reduce the paper work time
M-health solution gives me greater control
M-health solution improves quality of decision making
Overall I find M-health solution very useful

9.1.6

Use (Chatterjee, et al., 2009; Halawi, et al., 2007)

i.
ii.
iii.

I frequently use M-health solution in my day to day tasks
Since its inception the number of people using M-health solution has consistently
increased
Since its inception the number of tasks handled using M-health solution have
consistently increased
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